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THE COMPARATIVE PSYCHOLOGY OF MAN.’ 
By HERBERT SPENCER. 


HILE discussing with two members of the Anthropological In- 
stitute the work to be undertaken by its psychological section, 
I made certain suggestions which they requested me to put in writing. 
When reminded, some months after, of the promise I had made to do 
this, I failed to recall the particular suggestions referred to; but, in the 
endeavor to remember them, I was led to glance over the whole sub- 
ject of comparative human psychology. Hence resulted the follow- 
ing paper: : 

That making a general survey is useful as,a preliminary to delib- 
erate study, either of a whole or of any part, scarcely needs showing. 
Vagueness of thought accompanies the wandering about in a region 
without known bounds or landmarks. Attention devoted to some 
portion of a subject, in ignorance of its connection with the rest, leads 
to untrue conceptions. The whole cannot be rightly conceived with- 
out some knowledge of the parts; and no part.can be. rightly con- 
ceived out of relation to the whole. 

To map out the comparative psychology of man must also conduce 
to the more methodic carrying on of inquiries. In this, as in other. 
things, division of labor will facilitate progress ; and, that there may 
be division of labor, the work itself must be systematically divided. 


We may conveniently separate the entire subject into three main 
divisions, arranged in the order of increasing specialty. 

The first division will treat of the degrees of mental evolution of 
different human types, generally considered : taking account of both 
the mass of mental manifestation and the complexity of mental mani- 
festation. This division will include the relations of these characters 
to physical characters—the bodily mass and structure, and the cere 
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bral mass and structure. It will also include inquiries concerning the 
time taken in completing mental evolution, and the time during which 
adult mental power lasts; as well as certain most general traits of 
mental action, such as the greater or less persistence of emoticas and 
of intellectual processes. The connection between the general mental 
type and the general social type should also be here dealt with. 

In the second division may be conveniently placed apart, inquiries 
concerning the relatiye mental natures of the sexes in each race. 
Under it will come such questions as these: What differences of 
mental mass and mental complexity, if any, existing between males 
and females, are common to all races? Do such differences vary in 
degree, or in kind, or in both? Are there reasons for thinking that 
they are liable to change by increase or decrease? What relations 
do they bear in each case to the habits of life, the domestic arrange- 
ments, and the social arrangements? This division should also in- 
clude in its scope the sentiments of the sexes toward one another, 
considered as varying quantitatively and qualitatively ; as well as 
their respective sentiments toward offspring, similarly varying. 

For the third division of inquiries may be reserved the more spe- 
cial inental traits distinguishing different types of men. One class of 
such specialties results from differences of proportion among faculties 
possessed in common; and another class results from the presence in 
some races of faculties that are almost or quite absent from others, 
Each difference in each of these groups, when established by compari- 
son, has to be studied in connection with the stage of mental evolu- 
tion reached, and has to be studied in connection with the habits of 
life and the social development, regarding it as related to these both 
as cause and consequence, 

Such being the outlines of these several divisions, let us now con- 
sider in detail the subdivisions contained within each. 


I.—Under the head of general mental evolution we may begin 
with the trait of— 

1, Mental Mass.—Daily experiences show us that human beings 
differ'in volume of mental manifestation. Some there. are whose in- 
telligence, high though it may be, produces little impression on those 
around ; while there are some who, when uttering even commonplaces, 
do it so as to affect listeners in a disproportionate degree. Compari- 
son of two such makes it manifest that, generally, the difference is 
due to the natural language of the emotions. Behind the intellectual 
quickness of the one there is not felt any power of character; while 
the other betrays a momentum capable of bearing down opposition— 
a potentiality of emotion that has something formidable about it. 
Obviously ‘the varieties of mankind differ much in respect of this trait. 
Apart from kind of feeling, they are unlike in amount of feeling.. The 
dominant races overrun the inferior races mainly in virtue of the 
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greater quantity of energy in which this greater mental mass shows 
itself. . Hence a series of inquiries, of which these are some: (a.) 
What is the relation between mental mass and bodily mass? Mani- 
festly, the small races are deficient in it. But it also appears that 
races much upon a par in size—as, for instance, an Englishman and a 
Damara—differ considerably in mental mass. (6.) What is its relation 
to mass of brain? and, bearing in mind the general law that, in the 
same species, size of brain increases with size of body (though not in 
the same proportion), how far can we connect the extra mental mass 
of the higher races with an extra mass of brain beyond that which 
is proper to their greater bodily mass ?. (c.) What relation, if any, is 
there between mental’mass and the physiological. state expressed in 
vigor of circulation and richness of blood, as severally determined by 
mode of life and general nutrition? (d.) What are the relations of 
this trait to the social state, as predatory or industrial, nomadic or 
agricultural ? 

2. Mental Complexity.—How races differ in respect of the more or 
less involved structures of their minds will best be understood, on re- 
calling that unlikeness between the juvenile mind and the adult mind 
among ourselves which so well typifies the unlikeness between the 
minds of savage and civilized. In the child we see absorption in spe- 
cial facts. Generalities even of a low order are scarcely recognized ; 
and there is no recognition of high generalities. We see interest in 
individuals, in personal adventures, in domestic affairs; but no in- 
terest in political or social matters. We see vanity about clothes and 
small achievements ; but little sense of justice: witness the forcible 
appropriation of one another’s toys. While there have come into play 
many of the simpler mental powers, there has not yet been reached 
that complication of mind which results from the addition of powers 
evolved out of these simpler ones. Kindred differences of complexity 
exist between the minds of lower and higher races; and comparisons 
should be made to ascertain their kinds and amounts. Here, too, there 
may be a subdivision of the inquiries: (a.) What is the relation be- 
tween mental complexity and mental mass? Do not the two habitu- 
ally vary together? (b.) What is the relation to the social state, as 
more or less complex ?—that is to say, Do not mental complexity and 
social complexity act and react on each other ? 

3. Rate of Mental Development.—In conformity with the biologi- 
cal law, that the higher the organisms the longer they take to evolve, 
members of the inferior human races may be expected to complete 
their mental evolution sooner than members of the superior races ; 
and we have evidence that they do this. Travelers from all regions 


‘ comment, now on the great precocity of children among savage and 


semi-civilized peoples, and now on the early arrest of their mental 
progress.’ Though we scarcely need more proofs that this general 
contrast exists, there remains to be asked the question, whether it is 
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consistently maintained throughout all orders of races, from the lowest 
to the highest—whether, say, the Australian differs in this respect 
from the Hindoo, as much as the Hindoo does from the European. Of 
secondary inquiries coming under this sub-head may be named several: 
(a.) Is this more rapid evolution and earlier arrest always unequally 
shown by the two sexes; or, in other words, are there in lower types 
proportional differences in rate and degree of development, such as 
higher types show us? (0.) Is there in many cases, as there appears 
to be in some cases, a traceable relation between the period of arrest 
and the period of puberty? (c.) Is mental decay earlier in proportion 
as mental evolution is rapid? (d.) Can we in other respects assert 
that, where the type is low, the entire cycle of mental changes be- 
tween birth and death—ascending, uniform, descending—comes within 
a shorter interval ? 

4. Relative Plasticity.—Is there any relation between the degree 
of mental modifiability which remains in adult life, and the character 
of the mental evolution in respect of mass, complexity, and rapidity ? 
The animal kingdom at large yields us reasons for associating an in- 
ferior and more rapidly-completed mental type with a relatively auto- 
matic nature. Lowly-organized creatures, guided almost entirely by 
reflex actions, are in but small degrees changeable by individual ex- 
periences, As the nervous structure complicates, its actions become 
less rigorously confined within preéstablished limits; and, as we ap- 
proach the highest creatures, individual experiences take larger and 
larger shares in moulding the conduct: there is an increasing ability 
to take in new impressions and to profit by the acquisitions. Inferior 








and superior human races are contrasted in this respect. Many trav- . 


elers comment on the unchangeable habits of savages. The semi- 
civilized nations of the East, past and present, were, or are, charac- 
terized by a greater rigidity of custom than characterizes the more 
civilized nations of the West. The histories of the most civilized 
nations show us that in their earlier times the modifiability of ideas 
and habits was less than it is at present. And, if we contrast classes 
or individuals around us, we see that the most developed in mind are 
the most plastic. To inquiries respecting this trait of comparative 
plasticity, in its relations to precocity and early completion of men- 
tal development, may be fitly added inquiries respecting its relations 
to the social state, which it helps to determine, and which reacts 
upon it. 

5. Variability.—To say of a mental nature that its actions are ex- 
tremely inconstant, and at the same time to say that it is a relatively 
unchangeable nature, apparently implies a contradiction. When, 
however, the inconstancy is understood as referring to the manifesta- 
tions which follow one another from minute to minute, and the un- 
changeableness to the average manifestations, extending over long 
periods, the apparent contradiction disappears; and it becomes com- 











‘X- 





THE COMPARATIVE PSYCHOLOGY OF MAN, 261 


prehensible that the two traits may, and ordinarily do, coexist. An 
infant, quickly weary with each kind of perception, wanting ever a 
new object, which it soon abandons for something else, and alternat- 
ing a score times a day between smiles and tears, shows us a very 
small persistence in each kind of mental action; all its states, intel- 
lectual and emotional, are transient. Yet, at the same time, its mind 
cannot be easily changed in character. True, it changes spontane- 
ously in due course; but it long remains incapable of receiving ideas 
or emotions beyond those of simple orders, The child exhibits less 
rapid variations, intellectual and emotional, while its educability is 
greater. Inferior human races show us this combination, great rigid- 
ity of general character, with great irregularity in its passing mani- 
festations. Speaking broadly, while they resist permanent modifica- 
tion they lack intellectual persistence, and they lack emotional per- 
sistence. Of various low types we read that they cannot keep the 
attention fixed beyond a few minutes on any thing requiring thought 
even of a simple kind. Similarly with their feelings: these are less 
enduring than those of civilized men. There are, however, qualifica- 
tions to be made in this statement; and comparisons are needed to 
ascertain how far these qual:fications go. The savage shows great 
persistence in the action of the lower intellectual facuities. He is 
untiring in minute observation. He is untiring, also, in that kind of 
perceptive activity which accompanies the making of his weapons and 
ornaments: often persevering for immense periods in carving stones, 
etc. Emotionally, too, he shows persistence not only in the motives 
prompting these small industries, but also in certain of his passions— 
especially in that of revenge. Hence, in studying the degrees of men- 
tal variability shown us in the daily lives of the different races, we 
must ask how far variability characterizes the whole mind, and how 
far it holds only of parts of the mind. 

6. Impulsiveness.—This trait is closely allied with the last: unen- 
during emotions are emotions which sway the conduct now this way 
and now that, without any consistency. The trait of impulsiveness 
may, however, be fitly dealt with separately, because it has other im- 
plications than mere lack of persistence. Comparisons of the lower 
human races with the higher appear generally to show that, along 
with brevity of the passions, there goes violence. The sudden gusts 
of feeling which men of inferior types display are excessive in degree 
as they are short in duration; and there is probably a connection be- 
tween these two traits: intensity sooner producing exhaustion.. Ob- 
serving that the passions of childhood illustrate this connection, let us 
turn to certain interesting questions concerning the decrease of im- 
pulsiveness which accompanies advance in evolution, The nervous 
processes of an impulsive being are less remote from reflex actions 
than are those of an unimpulsive being. In reflex actions we see a 
simple stimulus passing suddenly into movement: little or no control 
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being exercised by other parts of the nervous system. As we ascend 
to higher actions, guided by more and more complicated combinations 
of stimuli, there is not the same instantaneous discharge in simple 
motions; but there is a comparatively deliberate and more variable 
adjustment of compound motions, duly restrained and proportioned. 
It is thus with the passions and sentiments in the less developed 
natures and in the more developed natures. Where there is but little 
emotional complexity, an emotion, when excited by some occurrence, 
explodes in action before the other emotions have been called into 
play; and each of these, from time to time, does the like. But the 
more complex emotional structure is one in which these simpler emo- 
tions are so codrdinated that they do not act independently. Before 
excitement of any one has had time to cause action, some excitement 
has been communicated to others—often antagonistic ones—and the 
conduct becomes modified in adjustment to the combined dictates. 
Hence results a decreased impulsiveness, and also a greater persist- 
ence. The conduct pursued, being prompted by several emotions 
codperating in degrees which do not exhaust them, acquires a greater 
continuity ; and while spasmodic force becomes less conspicuous, there 
is an increase in the total energy. 

Examining the facts from this point of view, there are sundry 
questions of interest to be put respecting the different races of men: 
(a.) To what other traits than degree of mental evolution is impul- 
siveness related? Apart from difference in elevation of type, the 
New-World races seem to be less impulsive than the Old-World races. 
Is this due to constitutional apathy? Can there be traced (other 
things equal) a relation between physical vivacity and mental impul- 
siveness? (b.) What connection is there between this trait and the 
social state? Clearly a very explosive nature—such as that of the 
Bushman—is unfit for social union; and, commonly, social union, 
when by any means established, checks impulsiveness. (c.) What 
respective shares in checking impulsiveness are taken by the feelings 
which the social state fosters—such as the fear of surrounding indi- 
viduals, the instinct of sociality, the desire to accumulate property, 
the sympathetic feelings, the sentiment of justice?. These, which 
require a social environment for their development, all of them in- 
volve imaginations of consequences more or less distant; and thus 
imply checks upon the promptings of the simpler passions. Hence 
arise the questions—In what order, in what degrees, and in what com- 
binations do they come into play ? 

7. One further general inquiry of a different kind may be added: 
What effect is produced on mental nature by mixture of races ? There 
is reason for believing that, throughout the animal kingdom, the union 
of varicties that have become widely divergent is physically injuri- 
ous ; while the union of slightly-divergent varieties is physically bene- 
ficial. Does the like hold with the mental nature? Some facts seem 
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to show that mixture of human races extremely unlike produces a 
worthless type of mind—a mind fitted neither for the kind of life led 
by the higher of the two races, nor for that led by the lower—a mind 
out of adjustment to all conditions of life. Contrariwise, we find that 
peoples of the same stock, slightly differentiated by lives carried on 
in unlike circumstances for many generations, produce by mixture a 
mental type having certain superiorities. In his work on “The Hu- 
guenots,” Mr. Smiles points out how large a number of distinguished 
men among us have descended from Flemish and French refugees ; 
and M. Alphonse de Candolle, in his “ Histoire des Sciences et des 
Savants depuis denx Siécles,” shows that the descendants of French 
refugees in Switzerland have produced an unusually great proportion 
of scientific men. Though, in part, this result may be ascribed to 
the original natures of such refugees, who must have had that inde- 
pendence which is a chief factor in originality, yet it is probably in 
part due to mixture of races. For thinking this, we have evidence 
which is not open to two interpretations. Prof. Morley draws atten- 
tion to the fact that, during seven hundred years of our early history, 
“the best genius of England sprang up on the line of country in 
which Celts and Anglo-Saxons came together.” In like manner, Mr. 
Galton, in his “ English Men of Science,” shows that in recent days 
these have mostly come from an inland region, running generally from 
north to south, which we may reasonably presume contains more 
mixed blood than do the regions east and west of it. Such a result 
seems probable a priori. Two natures respectively adapted to slight- 
ly unlike sets of social conditions may be expected by their union to 
produce a nature somewhat more plastic than either—a nature more 
impressible by the new circumstances of advancing social life, and 
therefore more likely to originate new ideas and display modified sen- 
timents. The comparative psychology of man may, then, fitly include 
the mental effects of mixture; and among derivative inquiries we may 
ask, How far the conquest of race by race has been instrumental in 
advancing civilization by aiding mixture, as well as in other ways? 


IL—The second of the three leading divisions named at the out- 
set is less extensive. Still, concerning the relative mental natures of 
the sexes in each race, questions of much interest and importance 
may be raised : 

1. Degree of Difference between the Sexes.—It is an established 
fact that, physically considered, the contrast between males and fe- 
males is not equally great in all types of mankind. The bearded 
races, for instance, show us a greater unlikeness between the two than 
do the beardless races. Among South American tribes, men and 
women have a greater general resemblance in form, etc., than is usual 
elsewhere. The question, then, suggests itself, Do the mental natures 
of the sexes differ in a constant or ina ya able degree? The differ- 
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ence is unlikely to be a constant one; and, looking for variation, 
we may ask what is its amount, and under what conditions does it 
occur ? 

2. Difference in Mass and in Complexity.—The comparisons be- 
tween the sexes, of course, admit of subdivisions parallel to those 
made in comparisons between the races. Relative mental mass and 
relative mental complexity have chiefly to be observed. Assuming 
that the great inequality in the cost of reproduction to the two sexes 
is the cause of unlikeness in mental mass, as in physical mass, this 
difference may be studied in connection with reproductive differences 
presented by the various races, in respect of the ages at which repro- 
duction commences, and the period over which it lasts. An allied in- 
quiry may be joined with this; namely, how far the mental develop- 
ments of the two sexes are affected by their relative habits in respect 
to food and physical exertion? In many of the lower races, the 
women, treated with great brutality, are physically very inferior to 
the men; excess of labor and defect of nutrition being apparently 
the combined causes. Is any arrest of mental development simulta- 
neously caused ? 

8. Variation of the Differences.—If the unlikeness, physical and 
mental, of the sexes is not constant, then, supposing all races have 
diverged from one original stock, it follows that there must have been 
transmission of accumulated differences to those of the same sex in 
posterity. If, for instance, the prehistoric type of man was beardless, 
then the production of a bearded variety implies that within that va- 
riety the males continued to transmit an increasing amount of beard 
to descendants of the same sex. This limitation of heredity by sex, 
shown us in multitudinous ways throughout the animal kingdom, 
probably applies to the cerebral structures as much as to other struct- 
ures, Hence the question, Do not the mental natures of the sexes in 
alien types of man diverge in unlike ways and degrees ? 

4. Causes of the Differences.—Is any relation to be traced between 
this variable difference and the variable parts the sexes play in the 
business of life? Assuming the cumulative effects of habit on func- 
tion and structure, as well as the limitation of heredity by sex, it is to 
be expected that, if in any society the activities of one sex, generation 
after generation, differ from those of the other, there will arise sexual 
adaptations of mind. Some instances in illustration may be named. 
Among the Africans of Loango and other districts, as also among 
some of the Indian Hill-tribes, the men and women are strongly con- 
trasted as respectively inert and energetic: the industry of the women 
having apparently become so natural to them that no coercion is 
needed. Of course, such facts suggest an extensive series of ques- 
tions. Limitation of heredity by sex may account both for those 
sexual differences of mind which distinguish men and women in all 
races and for those which distinguish them in each race, or each so- 
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ciety. An interesting subordinate inquiry may be, how far such men- 
tal differences are inverted in cases where there is inversion of social 
and domestic relations ; as among those Khasi Hill-tribes whose wom- 
en have so far the upper hand that they turn off their husbands in a 
summary way if they displease them. 

5. Mental Modifiability in the Two Sexes.—Along with comparisons 
of races in respect to mental plasticity may go parallel comparisons of 
the sexes in each race. Is it true always, as it appears to be generally 
true, that women are less modifiable than men? The relative con- 
servatism of women—their greater adhesion to established ideas and 
practices—is manifest in many civilized and semi-civilized societies. 
Is it so among the uncivilized? A curious instance of greater adhe- 
sion to custom by women than by men is given by Dalton, as occur- 
ring among the Juangs, one of the lowest wild tribes of Benga? Un- 
til recently the only dress of both sexes was something less than that 
which the Hebrew legend gives to Adam and Eve. Years ago the 
men were led to adopt a cloth bandage round the loins, in place of 
the bunch of leaves; but the women adhere to the aboriginal habit: 
a conservatism shown where it might have been least expected. 

6. The Sexual Sentiment.—Results of value may be looked for from 
comparisons of races made to determine the amounts and characters 
of the higher feelings to which the relation of the sexes gives ris<, 
The lowest varieties of mankind have but small endowments of thee 
feelings. Among varieties of higher types, such as the Malayo-Pcly- 
nesians, these feelings seem considerably developed: the Dyaks, for 
instance, sometimes display them in great strength. Speaking gen- 
erally, they appear to become stronger with the advance of civiliza- 
tion. Several subordinate inquiries may be named: (a.) How far is 
development of the sexual sentiment dependent upon intellectual ad- 
vance—-upon growth of imaginative power? (b.) How far is it related 
to emotional advance; and especially to evolution of those emotions 
which originate from sympathy? What are its relations to polyandry 
and polygyny? (c.) Does it not tend toward, and is it not fostered 
by, monogamy? (d.) What connection has it with maintenance of 
the family bond, and the consequent better rearing of children? 


III.—Under the third head, to which we may now pass, come the 
more special traits of the different races: 

1. Imitativeness.—One of the characteristics in which the lower 
types of men show us a smaller departure from reflex action than do 
the higher types is, their strong tendency to mimic the motions and 
sounds made by others—an almost involuntary habit which travelers 
find it difficult to check. This meaningless repetition, which seems to 
imply that the idea of an observed action cannot be framed in the 
mind of the observer without tending forthwith to discharge itself in 
the action conceived (and every ideal action is a nascent form of the 
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consciousness accompanying performance of such action), evidently 
diverges but little from the automatic; and decrease of it is to be ex- 
pected along with increase of self-regulating power. This trait of 
automatic mimicry is evidently allied with that less automatic mimicry 
which shows itself in greater persistence of customs. For customs 
adopted by each generation from the last, without thought or inquiry, 
imply a tendency to imitate which overmasters critical and skeptical 
tendencies: so maintaining habits for which no reason can be given. 
The decrease of this irrational mimicry, strongest in the lowest say- 
age and feeblest in the highest of the civilized, should be studied 
along with the successively higher stages of social life, as being at 
once an aid and a hindrance to civilization; an aid in so far as it gives 
that fixity to the social organization without which a society cannot 
survive; a hindrance in so far as it offers resistance to changes of 
social organization that have become desirable. 

2. Incuriosity.—Projecting our own natures into the circumstances 
of the savage, we imagine ourselves as marveling greatly on first 
seeing the products and appliances of civilized life. But we err in 
supposing that the savage has feelings such as we should have in 
his place. Want of rational curiosity respecting these incomprehen- 
sible novelties is a trait remarked of the lowest races wherever found ; 
and the partially-civilized races are distinguished from them as ex- 
hibiting rational curiosity. The relation of this trait to the intel- 
lectual nature, to the emotional nature, and to the social state, should 
be studied, 

3. Quality of Thought.—Under this vague head may be placed 
many sets of inquiries, each of them extensive: (a.) The degree of 
generality of the ideas; (6.) The degree of abstractness of the ideas ; 
(c.) The degree of definiteness of the ideas; (d.) The degree of coherence 
of the ideas ; (e.) The extent to which there have been developed such 
notions as those of class, of cause, of uniformity, of law, of truth. 
Many conceptions, which have become so familiar to us that we as- 
sume them to be the common property of all minds, are no more pos- 
sessed by the lowest savages than they are by our own children; and 
comparisons of types should be so made as to elucidate the processes 
by which such conceptions are reached. The development under each 
head has to be observed: (a.) Independently in its successive stages ; 
(4.) In connection with the codperative intellectual conceptions; (c.) In 
connection with the progress of language, of the arts, and of social 
organization. Already linguistic phenomena have been used in aid 
of such inquiries ; and more systematic use of them should be made, 
Not only the number of general words, and the number of abstract 
words, in a people’s vocabulary should be taken as evidence, but also 
their degrees of generality and abstractness ; for there are generalities 
of the first, second, third, etc., orders and abstractions similarly. as- 
cending in degree. Blue is an abstraction referring to one class. of 
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impressions derived from visible objects ; color is a higher abstraction, 
referring to many such classes of visual impressions ; property is a 
still higher abstraction, referring to classes of impressions received not 
through the eyes alone, but through other sense-organs. If generali- 
ties and abstractions were arranged in the order of their extensive- 
ness and in their grades, tests would be obtained which, applied to 
the vocabularies of the uncivilized, would yield definite evidence of 
the intellectual stages reached. 

4, Peculiar Aptitudes.—To such specialties of intelligence as mark 
different degrees of evolution have to be added the minor ones related 
to modes of life: the kinds and degrees of faculty which have become 
organized in adaptation to daily habits—skill in the use of weapons, 
powers of tracking, quick discrimination of individual objects. And 
under this head may fitly come inquiries concerning some race-pecu- 
liarities of the zesthetic class, not at present explicable. While the re- 
mains from the Dordogne caves show us that their inhabitants, low as 
we must suppose them to have been, could represent animals, both by 
drawing and carving, with some degree of fidelity, there are existing 
races, probably higher in other respects, who seem scarcely capable 
of recognizing pictorial representations. Similarly with the musical 
faculty. Almost or quite wanting in some inferior races, we find it in 
other races, not of high grade, developed to an unexpected degree. 
instance the negroes, some of whom are so innately musical that, as 
I have been told by a missionary among them, the children in native 
schools, when taught European psalm-tunes, spontaneously sing sec- 
onds to them. Whether any causes can be discovered for race-pecu- 
liarities of this kind is a question of interest. 

5. Specialties of Emotional Nature.—These are worthy of careful 
study, as being intimately related to social phenomena—to the possi- 
bility of social progress, and to the nature of the social structure. Of 
those to be chiefly noted there are—(a.) Gregariousness or sociality— 
a trait in the strength of which races differ widely : some, as the Man- 
tras, being almost indifferent to social intercourse; others being un- 
able to dispense with it. Obviously the degree of the desire for the 
presence of fellow-men affects greatly the formation of social groups, 
and consequently underlies social progress. (6.) Intolerance of re- 
straint. Men of some inferior types, as the Mapuché, are ungovern- 
able; while those of other types, no higher in grade, not only submit 
to restraint, but admire the persons exercising it. These contrasted 
traits have to be observed in connection with social evolution; to the 
early stages of which they are respectively antagonistic and favorable, 
(c.) The desire for praise is a trait which, common to all races, high 
and low, varies considerably in degree. There are quite inferior races, 
as some of those in the Pacific States, whose members sacrifice with- 
out stint to gain the applause which lavish generosity brings; while, 
elsewhere, applause is sought with less eagerness. Notice should be 
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taken of the connection between this love of approbation and the 
social restraints, since it plays an important part in the maintenance 
of them. (d.) The acquisitive propensity. This, too, is a trait the 
various degrees of which, and the relations of which to the social 
state, have to be especially noted. The desire for property grows 
along with the possibility of gratifying it; and this, extremely small 
among the lowest men, increases as social developement goes on. 
With the advance from tribal property to family property and indi- 
vidual property, the notion of private right of possession gains defi- 
niteness, and the love of acquisition strengthens. Each step toward 
an orderly social state makes larger accumulations possible, and the 
pleasures achievable by them more sure; while the resulting encour- 
agement to accumulate leads to increase of capital and further prog- 
ress. This action and reaction of the sentiment and the social state, 
should be in every case observed. 

6. The Altruistic Sentiments.—Coming last, these are also highest. 
The evolution of them in the course of civilization shows us very 
clearly the reciprocal influences of the social unit and the social 
organism. On the one hand, there can be no sympathy, nor any of the 
sentiments which sympathy generates, unless there are fellow-beings 
around, On the other hand, maintenance of union with fellow-beings 
depends in part on the presence of sympathy, and the resulting 
restraints on conduct. Gregariousness or sociality favors the growth 
of sympathy; increased sympathy conduces to closer sociality and a 
more stable social state; and so, continuously, each increment of the 
one makes possible a further increment of the other. Comparisons of 
the altruistic sentiments resulting from sympathy, as exhibited in dif- 
ferent types of men and different social states, may be conveniently 
arranged under three heads: (a.) Pity, which should be observed as 
displayed toward offspring, toward the sick and aged, and toward 
enemies, (0.) Generosity (duly discriminated from the love of display) 
as shown in giving; as shown in the relinquishment of pleasures for 
the sake of others; as shown by active efforts on others’ behalf. The 
manifestations of this sentiment, too, are to be noted in respect of 
their range—whether they are limited to relatives; whether they ex- 
tend only to those of the same society; whether they extend to those 
of other societies; and they are also to be noted in connection with 
the degree of providence—whether they result from sudden impulses 
obeyed without counting the cost, or go along with a clear foresight of 
the future sacrifices entailed. (c.) Justice. This most abstract of the 
altruistic sentiments is to be considered under aspects like those just 
named, as well as under many other aspects—how far it is shown in 
regard to the lives of others; how far in regard to their property, and 
how far in regard to their various minor claims. And the compari- 
sons of men in respect of this highest sentiment should, beyond all 
others, be carried on along with observations on the accompanying 
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social state, which it largely determines—-the form and actions of 
government; the character of the laws; the relations of classes. 


Such, stated as briefly as consists with clearness, are the leading 
divisions and subdivisions under which the Comparative Psychology 
of Man may be arranged. In going rapidly over so wide a field, I 
have doubtless overlooked much that should be included. Doubtless, 
too, various of the inquiries named will branch out into subordinate 
inquiries well worth pursuing. Even as it is, however, the pro- 
gramme is extensive enough to occupy numerous investigators who 
may with advantage take separate divisions. 

Though, after occupying themselves with primitive arts and prod- 
ucts, anthropologists have devoted their attention mainly to the phys- 
ical characters of the human races, it must, I think, be admitted that 
the study of these yields in importance to the study of their psychical 
characters. The general conclusions to which the first set of inqui- 
ries may lead cannot so much affect our views respecting the highest 
classes of phenomena as can the general conclusions to which the second 
set may lead. A true theory of the human mind vitally concerns us ; 
and systematic comparisons of human minds, differing in their kinds 
and grades, will help us in forming a true theory. Knowledge of the 
reciprocal relations between the characters of men and the characters 
of the societies they form must influence profoundly our ideas of polit- 
ical arrangements. When the interdependence of individual nature 
and social structure is understood, our conceptions of the changes now 
taking place, and hereafter to take place, will be rectified. A compre- 
hension of mental development as a process of adaptation to social con- 
ditions, which are continually remoulding the mind, and are again 
remoulded by it, will conduce to a salutary consciousness of the remoter 
effects produced by institutions upon character, and will check the 
grave mischiefs which ignorant legislation now causes. Lastly, a right 
theory of mental evolution as exhibited by humanity at large, giving 
a key, as it does, to the evolution of the individual mind, must help to 
rationalize our perverse methods of education, and so to raise intellect- 
ual power and moral nature. 


THE HORSESHOE NEBULA IN SAGITTARIUS. 


By EDWARD 8. HOLDEN, 
PROFESSOR IN THE UNITED STATES NAVAL OBSERVATORY, WASHINGTON. 


lis the number of Tue Porutar Science Monruty for July, 1874, 
- I gave a brief account of the successive observations of the great 
nebula of Orion, from 1656 to 1874, and I pointed out how instructive 
such an historical review was in its bearing upon the improvement of 
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our means of observation and as an example of how the standard of 
such work has been gradually raised. It will be interesting to trace 
in the same way the history of the Horseshoe Nebula in Sagittarius, 
which, next to the great nebulosities of Orion and Andromeda, is the 
most curious of these objects, and which perhaps as much as any 
other deserves careful study. 

Its discovery dates back about a hundred years to the time of 
Messier, the assiduous astronomer of the Observatoire de la Marine 
at Paris; it is No. 17 of his list, which comprises most of the brighter 
and more remarkable nebule of the northern sky. It was at this time 
that Sir William Herschel, the famous astronomer of England, with in- 
struments far superior in power to those of Messier, was forming his 
great catalogues of the nebule discovered in his “sweeps.” Messier 
wisely used his smaller instrument in the endeavor to obtain accurate 
positions for those found by him, and he has left us monographic 
studies of the Orion and the Andromeda nebule (“ Mémoires de 
Académie des Sciences,” 1771 and 1807), which are almost the first 
trustworthy works of the kind, and which are the beginnings from 
which sprang the elaborate drawings of Lassell, Rosse, Struve and 


Bond. 
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N 
Fic. 1.—J. Herscue, 1833. 


From the time of Messier to 1826, when Sir John Herschel pub- 
lished his first figure of the Orion nebula, almost nothing was done 
in this line of research; but in 1833 a study of the Horseshoe Nebula 
was published by Sir John Herschel, together with many other similar 
drawings, in the “ Philosophical Transactions” (see Fig. 1). This was 
the first considerable and systematic attempt to accurately figure the 
nebulz, and it doubtless turned the attention of astronomers generally 
to this branch, the importance of which was manifest. If so many of 
the fixed stars changed in brilliancy and in position, why should not 
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the same thing occur among the nebule? And if such changes were 
once established, would not an important increase of our knowledge 
accrue, concerning these objects of which almost nothing was known ? 
It was one of the avowed objects of Sir John Herschel’s celebrated 
journey to the Cape of Good Hope to figure the nebulz of the southern 
sky, and, while there, the drawing given in Fig. 2 was made, although 
it was not published until 1847. 


Fig. 2.—J. HERSCHEL, 1837. 





a 
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As we have said, Herschel’s paper of 1833 created a wide-spread 
interest among astronomers, and about 1836 two monographic studies 
of the Horseshoe Nebula were begun, under circumstances so different 
as to deserve our attention. Lamont, the accomplished director of 
the Observatory of Munich, and Mason, an undergraduate of Yale 
College, commenced observations at about the same time: one being 
supplied with all the appliances which were known to astronomers, 
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and devoting all his energies to his chosen science in a city which was 
then the most famous in the world for its astronomical instruments ; 
and the other, a mere boy, oppressed by narrow circumstances, work- 
ing in the intervals of his college duties with a telescope which he had 
himself constructed, with a fellow-student (Mr. Hamilton L. Smith) as 
his only assistant. 

The work of both astronomers (for it is impossible to deny to Mason 
that title) is of great excellence, but it will not be claiming too much 
to assert that Mason’s was by far the most valuable monographic study 
of a nebula which had appeared, and indeed, in its thorough appre- 
ciation of the problems to be solved and in its most skillful adapta- 
tion of the existing means toward that end, it deserves to rank with 
the greatest works of this class, with Bond’s, Lassell’s, Rosse’s and 
Struve’s. It is not only in the observations themselves nor in the ex- 
quisite and accurate drawings which accompany the memoir that we 
feel this excellence, but in the philosophical grasp of the whole sub- 
ject and the masterly appreciation of the fundamental ideas of the 
problem. His memoir contains so much that bears on this general 
aspect, that we quote from it largely, as it is too little known among 
those not professional astronomers : 


“ Although a period of nearly fifty years has now elapsed since the researches 
of the elder Herschel exposed to us the wide distribution of nebulous matter 
through the universe, we are still almost as ignorant as ever of its nature and 
intention. The same lapse of time that, among his extensive lists of double 
stars, has revealed to us the revolution of sun around sun, and given us a partial 
insight into the internal economy of those remote sidereal systems, has been ap- 
parently insufficient to discover any changes of a definite character in the nebule, 
and thereby to inform us at all of their past history, the form of their original 
creation, or their future destiny. At the same time, the detection of such 
changes is in the highest degree desirable, since no other sources of evidence 
can be safely relied upon in these inquiries. That the efforts of astronomers 
have thus far ended, at least, in vague and contradictory conjectures, is princi- 
pally attributable to the great difficulty of originally observing, and of describing 
to future observers, bodies so shapeless and indeterminate in their forms, with 
the requisite precision. For we cannot doubt, authorized as we are to extend 
the laws of gravitation far into the recesses of space, that these masses of dif- 
fused matter are actually undergoing vast revolutions in form and constitution. 
The main object of this paper is to inquire how far that minute accuracy which 
has achieved such signal discoveries in the allied department of the double stars 
may be introduced into the observation of nebulew, by modes of examination and 
description more peculiarly adapted to this end than such as can be employed 
in general reviews of the heavens. . . . It will conduce to a clearer under- 
standing of our object to point out, generally and rapidly, the distinctions be- 
tween our own theory of observation and that commonly adopted. It consists 
not in an extensive review, but in confining the attention to a few individuals; 
upon these exercising a Jong and minute scrutiny, during a succession of evenings; 
rendering even the slightest particulars of each nebula as precise as repeated ob- 
servation and comparison with varied precautions can make them, and confirm- 
ing each more doubtful and less legible of its features by a repetition of suspi- 
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cions, which are of weight in proportion as they accumulate ; and, lastly, when 
practicable, correcting by comparison of the judgments of different persons at 
the same time. 

** The assistance which is rendered to the faithful description of these remark- 
able objects by thus laying a groundwork of stars, may be well illustrated by 
the familiar expedient of artists, who divide any complicated engraving which 
they would copy, into a great number of squares, their intended sketch occu- 
pying a similar number. The stars, which are apparently interwoven through- 
out the whole extent of the nebula, furnish a set of thickly-distributed natural 
points of reference, which, truly transferred to the paper, are as available as the 
cross-lines of the artist in limiting and fixing the appearance of the future 
drawing. 

“Tn nebulew of great extent, however correctly estimated may be the stars 
immediately around the standard of reference, those in the distant parts of the 
nebula are liable to suffer from an accumulation of errors of nearly the same 
kind as that arising in an extended trigonometrical survey. But if the places of 
the larger stars are well settled by fixed instruments, there will be far less room 
for error in estimations which spread, as from so many centres, over the remain- 
ing intervals. 

8 





N 
Fic. 3.—Mason, 1839. 


‘*T will here speak of a method that I hit upon for the exact representation of 
nebulw, which has essentially contributed to the accuracy of the accompanying 
delineations. It was first suggested by the method usually adopted for the 
representation of heights above the sea-level on geographical maps, by drawing 
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curves which represent horizontal sections of hill and valley at successive eleva- 
tions above the level of the sea—that is, by lines of equal height—and it is the 
same in its principle. It is obvious that, if lines be imagined in the field of 
view, winding around through all those portions of a nebula which have exactly 
equal brightness, these lines, transferred to our chart of stars, will give a faith- 
ful representation of the nebula and of its minutie, and of the suddenness as 
well as of the amount of transition from one degree of shade to another. 

‘‘ By far the greatest obstacles to the successful comparison of modern obser- 
vations on nebulw with those which own, at least, a brief antiquity, exist in the 
want of precision with which the labors of former observers have been con- 
ducted, and hence all attempts to trace the slow progress of their changes end 
in uncertain conjectures and conflicting probabilities. I shall not, therefore, 
incur the charge of unnecessary minuteness in endeavoring to render, by every 
means, our knowledge of the present form and state of at least these few nebu- 
le, as far as possible, standard ; and, although laden with the necessary imper- 
fections of original observations, yet free from adventitious and unnecessary 
vagueness in the communication of them. In order to supply, to any future 
observer, those slight particulars which a chart cannot easily urge upon the 
notice of any but the original compiler, and further, to indicate the degree of 
certainty with which different features of the nebule were recognized, it is 
thought proper to bring under this head the enumeration of various facts not 
expressed in the journal of observations. These are divided into ‘ things cer- 
tain,’ ‘nearly certain, ‘strongly suspected, and ‘slightly suspected.’ Thus 
much for observation—for rendering the idea of the object as perfect as may be 
in the mind of the observer. - For the most unimpaired communication of this 
idea or perception, the theory of the process adopted is briefly—1. To form an 
accurate chart of all stars capable of micrometrical measurement in and around 
the nebula. 2. From these, as the greater landmarks, to fill in with all the 
lesser stars, down to the minimum visibile by estimation, which, with care, need 
not fall far short of ordinary>measurement. 3. On this, as a foundation, to lay 
down the nebula. 

“ The first intention was to intrust entirely to careful estimation the copying 
of the stars which were to form the groundwork of the nebula, since no means 
of measurement were then at hand. The following is a sketch of the course of 
procedure adopted in pursuance of this plan: The limits of the nebula were 
traced as far as long and close examination could discern them, and a rough 
chart was made of the principal stars within it. This preparation was indispen- 
sable, because, in the consequent mapping down of all the visible stars in the 
nebula, it was necessary to use a light out-of-doors, and the object, of course, 
became invisible. The distance between any two conspicuous stars favorably 
situated in the nebula was then chosen as a standard of reference; and, from 
this as a base, a kind of triangulation was carried out by the eye to all the stars 
in the neighborhood, and these were successively marked on a sheet of paper at 
the time ; their magnitudes were also affixed to each according to a fictitious 
scale, for which a few stars, conveniently situated, furnished standards of refer- 
ence as to size. A lamp was close at hand, whose light could be cut off at 
pleasure ; and almost girect comparison was thus instituted between the stars 
in the field of view and those on the paper, and corrections made where any 
distortions in the latter were observable. As the work advanced from night to 
night, the reference to the lamp was necessarily less and less direct, since a 
longer exclusion of light was necessary to’ see the fainter stars. Finally, the 
nebula itself was drawn upon the map by the guidance of the stars already 
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copied ; and although only an occasional and unfrequent reference could be 
made to a lamp, the stars within it had become so familiar by their constant re- 
currence, that the memory could as easily as before retain its estimates of dis- 
tance and direction, until mutual comparison could be made between the map 
and the heavens.” 


It will be seen what a great advance had been made in the coneep- 
tion of the application of the topographical method of contour lines 
to the delineation of degrees of brightness, although this method has 
practical limitations not spoken of by Mason, and we must consider 
the careful separation of the various results into classes ranged accord- 
ing to their degrees of certainty, as scarcely less important. In all 
former memoirs the chart included all the results reached, and there 
was no searching division of these in such a way as to give absolute 
data to the future investigator. 

Throughout the entire memoir (which relates also to other nebulx 
than the one now in question) the whole endeavor is to reach a per- 
fect definiteness of conception; and Mason evidently held the idea 
that, in the existing state of ‘astronomy, it was eminently “better to 
do one thing well than many things indifferently.” 


s 





x 
Fig. 4.—LAMONT, 1837. 


Lamont tells us in Annalen der K. Sternwarte bei Manchen, Band 
xvii. (1868), that his early researches on this and other nebule were 
prosecuted in the hope that something might be determined as to their 
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real nature, and he expresses his opinion that all nebule consist essen- 
tially of clusters of stars, more or less remote. His original researches 
were published in 1837, accompanied by figures, and they are of high 
authority on this subject. We give Lamont’s figure above. These 
two drawings having been executed by different observers with dif- 
ferent telescopes (Lamont’s refractor of nine inches aperture, and 
Mason’s reflector of twelve inches) will afford in the cases in which 
they agree indubitable evidence as to the existence of any feature 
shown in them. The non-existence of any feature not shown in either 
is probable, although not certain. 

Sir John Herschel’s “ Results of Astronomical Observations at the 
Cape of Good Hope” was published in 1847, and his drawing (our 
Fig. 2), in the order of publication, belongs after Fig. 4. 

In his first paper he describes Fig. 1 as follows: 


“ The figure of this nebula is nearly ‘that of a Greek capital omega, 0, some- 
what distorted, and very unequaliy bright. It is remarkable that this is the 
form usually attributed to the great nebula: in Orion, though in that nebula 1 
confess I can discern no resemblance whatever to the Greek letter. Messier 
perceived only the bright eastern branch of the nebula now in question, with- 
out any of the attached convolutions which were first noticed by my father. 
The chief peculiarities which I have observed in it are—1. The resolvable knot 
in the eastern portion of the bright branch, which is, in a considerable degree, 
insulated from the surrounding nebula; strongly suggesting the idea of an ab- 
sorption of the nebulous matter; and, 2. The much feebler and smaller knot at 
the northwestern end of the same branch, where the nebula makes a sudden 
bend at an acute angle. With a view to a more exact representation of this 
curious nebula, I have at different times taken micrometrical measures of the 
relative places of the stars in and near it, by which, when laid down as ina 
chart, its limits may be traced and identified, as I hope soon to have better 
* opportunity to do than its low situation in this latitude will permit.” 


This opportunity was afforded him at his southern station, and his 
Fig. 2 is accordingly much more detailed. He says of it in the work 
last cited that his Fig. 1 is far from an accurate expression of its 
shape: 

“Tn particular the large horseshoe-shaped are . . . is there represented as 
too much elongated in a vertical direction and as bearing altogether too large 
a proportion to [the eastern] streak and to the total magnitude of the object. 
The nebulous diffusion, too, at the [western] end of that arc, forming the [west- 
ern] angle and base-line of the capital Greek omega (Q), to which the general 
figure of the nebula has been likened, is now so little conspicuous as to induce 
a suspicion that some real change may have taken place in the relative bright- 
ness of this portion compared with the rest of the nebula; seeing that a figure 
of it made on June 25, 1837, expresses no such diffusion, but represents the arc 
as breaking off before it even attains fully to the group of small stars at the 
[western] angle of the Omega. . . . Under these circumstances the arguments 
for a real change in the nebula might seem to have considerable weight. Nev- 
ertheless, they are weakened or destroyed by a contrary testimony entitled to 
much reliance. Mr. Mason, a young and ardent astronomer, . . . . whose pre- 














_— wa 


“ 








THE HORSESHOE NEBULA IN SAGITTARIUS. 277 


mature death is the more to be regretted, as he was, so far as I am aware, the 
only other recent observer who has given himself with the assiduity which the 
subject requires to the exact delineation of nebulew, and whose figures I find at 
all satisfactory, expressly states that both the nebulous knots were well seen 
by himself and his coadjutor Mr. Smith on August 1, 1839, i. e., two years subse- 
quent to the date of my last drawing. Neither Mr. Mason, however, nor any 
other observer, appears to have had the least suspicion of the existence of the 
fainter horseshoe arc attached to the [eastern] extremity of Messier’s streak. 
Dr. Lamont has given a figure of this nebula, accompanied by a description. In 
this figure [our Fig. 4], the nebulous diffusion at the [western] angle and along 
the [western] base-line of the Omega is represented as very conspicuous ; indeed, 
much more so than I can persuade myself it was his intention it should appear.” 


When Lassell mounted his great four-foot reflector at Malta, he 
devoted much of his time to a systematic review of those nebulx 
which had previously been figured either by himself or by Rosse and 
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Fie. 5.—LASSELL, 1862. 


others, and, as was expected from the excellence of the climate, the . 
superiority of the great telescope and the skill of the observer, this 
series of drawings at once took its place among the acknowledged 
classics on this subject. Too much praise can hardly be given to 
Lassell for confining his attention principally to objects previously 
figured, and for resisting the temptation to roam in those fields which 
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his own telescope had opened with its list of six hundred new nebule. 
And it may be remarked in passing that it is just this intelligent 
devotion to a definite aim and object which, in this case as in all, has 
led to brilliant results. We give Lassell’s figure above, remarking 
that it was constructed, as indeed all the preceding ones had been, by 
first measuring the relative position of the brighter stars, then insert- 
ing by careful eye estimates the fainter ones, and finally by drawing 
among these stars, guided by their configurations, the details of the 
nebula itself. 

Another, and a very rapid method of drawing nebulz, is the fol- 
lowing. It yields to the first in the accuracy of the positions of the 
stars, but it is probably even superior to it in facilities for the correct 
representation of the nebula and stars considered as one mass. A 
piece of glass is ruled carefully into squares (see Figs. 6 and 7) and 
this is placed in the focus of the telescope so as to be plainly visible ; 
the telescope is then directed upon the nebula, and a clock-work mo- 
tion is applied to the telescope so that it follows the apparent motion 
of the nebula from east to west accurately. Some one of the brighter 
stars is chosen, and it is kept by means of the clock-work accurately 
in the corner of one of the squares. <A piece of paper ruled into . 
squares similar to those of the glass reticle is provided, and on it the 
observer dots down the various stars in and about the’ nebula. This 
may take two, three, or four nights according to circumstances, but in 
all cases it requires much less time than the micrometric measurements 
of the brighter stars and the troublesome allineations required to fix 
the positions of the smaller stars, and it has the great advantage that 
the work can be done in a perfectly dark field of view, whereas the 
micrometric measures demand the use of illuminated wires at least. 
After the stars are inserted, the principal lines are put in, not only by 
the star-groups, but also by the squares themselves. For my own use 
I have had constructed two reticles: one ruled in squares like those 
seen in Figs. 6 and 7, and another in which the heavy-lined large 
squares (each containing nine small squares, see Fig. 6) are still pres- 
ent, but are subdivided into small squares by lines parallel to their 
own diagonals. After making all the use possible of the first reticle, 
the second is put in, and an entirely new set of reference-lines is ob- 
tained, making an angle of 45° with the old set. This, of course, 
could be equally obtained by revolving the first reticle through an 
angle of 45°, but it is not quite so convenient. 

After the stars and the principal lines of the nebula are inserted a 
new and higher power eye-piece is used, and the drawing is concluded 
by means of this. Fig. 6 is an example of a drawing of the Horse- 
shoe Nebula made in this way by M. Trouvelot, of Cambridge, Massa- 
chusetts, the artist to whom we owe the exquisite plates of astro- 
nomical engravings published by Harvard College Observatory, under 
the superintendence of its late director, Prof. Winlock. 
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During the last summer M. Trouvelot was invited by the superin- 
tendent of the United States Naval Observatory to visit Washington 
for the purpose of making drawings of nebule, etc., by means of the 
twenty-six inch Clark refractor. By the courtesy of Admiral Davis 


_ 


Fie. 6.—TRovuvELoT, 1875 (WITH A 6}-INCH REFRACTOR). 
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I am able to give a drawing of the Horseshoe Nebula as delineated 
by M. Trouvelot from observations made jointly by him and by 
myself. 

Pretty much the same method was adopted in this drawing as in 
Fig. 6, but the vastly more complex structure of the nebula itself is 
what might have been expected from an increase of eighteen times in 
the light, over M. Trouvelot’s six-inch telescope. 
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From careful comparisons of different kinds, it has been found that. 
the power of the Washington telescope is about the same as that of 
Lassell’s great four-foot reflector, and the two drawings, Figs. 5 and 
7, are therefore nearly comparable, i. e., almost as if made with the 


Fia. 7.—TROUVELOT, NAVAL OBSERVATORY, 1875 (26-INCH TELESCOPE). 
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same telescope at different times. It may be said of the last drawing 
that nothing is there laid down about which the slightest doubt is 
entertained ; and although, in some respects, it was made in greater 
haste than is desirable, yet it is sufficiently accurate to found an argu- 
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ment on, for or against variation in the shape of any of the brighter 
portions of the nebula. 

It is hoped that enough has been said to show how much care, 
skill, and patience, have been spent upon these drawings, and to show, 
too, how important are the conclusions which may be drawn from 
them. Their careful discussion involves considerations which might 
be out of place here, but which are well worth general attention. A 
full explanation of different methods has been given in the hope that 
some of the large telescopes in various parts of the United States 
in the hands of private gentlemen may be devoted to work of this 
class, in which it is easy for an amateur, with but a trifling expendi- 
ture of time and labor, to produce valuable results. Provided only 
that the work be done conscientiously and faithfully, it will be a 
definite gain to astronomy ; without such care and fidelity, it will only 
introduce new confusion. 
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SCIENCE-TEACHING IN ENGLISH SCHOOLS. 
By Rev. W. TUCKWELL. 


HREE times within the last twelve years a royal commission has 
reported on the science-teaching of our higher schools, In 1864 
the Public Schools Commission announced that from the largest and 
most famous schools of all it was practically excluded. In 1868 the 
Endowed Schools Commission declared that the majority of school- 
teachers had accepted it as part of their school-work. The Science 
Commissioners of 1875, in their sixth report, on “ Science-Teaching in 
Schools,” testing this statement by inquiry, state that of 128 endowed 
schools examined by them not one-half has even attempted to intro- 
duce it, while of these only 13 possess a laboratory, and only 10 give 
to the subject as much as four hours a week. And this statement is 
curiously illustrated by the statistics of the recent Oxford and Cam- 
bridge school examination, which show that’ out of 461 candidates for 
certificates, from 40 first-class schools, while 438 boys took up Latin, 
433 Greek, 455 elementary mathematics, 305 history, only 21 took 
up mechanics, 28 chemistry, 6 botany, 15 physical geography. 

In a volume whose research and condensation make it not only a 
monument of conscientious toil, but an invaluable hand-book to all 
who are laboring to work out practically the great problem of which 
it treats, the commissioners investigate the obstacles which have 
caused the endowed schools to defy the weighty recommendations 


of former commissions, the unanimous verdict of educational authori- 


ties outside the scholastic profession, and the increasingly urgent 
demands of English public opinion. They find the school-masters’ 
excuses to be threefold: absence of funds, want of time, and skepti- 
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cism as to the educational value of science in comparison with other 
subjects. A large portion of the appendix is devoted to the consider- 
ation of these difficulties ; to sifting the allegations on which they 
rest, and to balancing against them the experience of those teachers 
who have faced and successfully met them. Showing in detail the 
comparatively trifling cost at which indispensable apparatus can be 
obtained, the commissioners nevertheless admit the rarity, in the 
present state of English culture, either of independent science-teachers 
suited to the larger schools, or of men, such as poorer schools desid- 
erate, combining literary with scientific knowledge. This, however, 
is an evil of the past rather than of the future, since not the least 
among the advantages expected from a reformed system of school- 
teaching is the creation of a race of able teachers, general as well as 
special. The relative value of science as an implement of mental 
training is next discussed. Its peculiar excellence is briefly vindi- 
cated, as cultivating, in a way attainable by no other means, the habits 
of observation and experiment, of classification, arrangement, method, 
judgment ; and its suitability to the capacities of the very youngest 
boys is testified to by Faraday, Hooker, Rolleston, Carpenter, and Sir 
W. Thomson. Lastly, it is shown that, if this be so, the argument 
from want of time is no argument at all; that the hours are already 
wasted which condemn the half of a boy’s faculties to stagnation, and 
render education one-sided and incomplete; and that the claims of 
different branches of instruction may be easily adjusted by economy 
of time, improvement in methods, and excision of superfluous studies. 

On a review of all these objections and of the answers offered to 
them, and taking into account the dicta of former commissioners and 
the practice of other countries, the report advises that literature, 
mathematics, and science, should be the accepted subjects of education 
up to the time at which boys leave school, and should all three be 
made compulsory in any school-leaving-examination or university 
matriculation; but that after entering the university students should 
be left to choose for themselves among these lines of study, and 
need pass no subsequent examination in subjects other than the one 
which they select. As regards the teaching of science, they recom- 
mend that it should commence with the beginning of the school 
career; that not less than six hours a week should be devoted to it, 
and that in all school examinations as much as one-sixth of the marks 
should be allotted to it. 

These recommendations possess the two great excellences of au- 
thoritativeness and clearness. They are supported by a host of expe- 
rienced witnesses, as well as by the eminent names whose signatures 


follow them. Their ideal of school education is simplicity itself. The. 


supremacy of classics is to be dethroned; the artifices of stratifica- 
tion and bifurcation are to be discarded ; literature, mathematics, and 
science are to share a boy’s intellect between them from the very first, 








eo a 4 Ses @ Se aA Soe ct oe Che 


nm 





er 
pr- 


rs 


st 
»]- 
aS 
al 
li- 
ts 


st 








SCIENCE-TEACHING IN ENGLISH SCHOOLS. 283 


until a leaving-examination which shows his progress to have been 
satisfactory in all three sets him free to follow his inclination by pur- 
suing exclusively the subject which suits him best; happy since emi- 
nence in that one will not have been purchased by entire ignorance 
of all the others. Unfortunately, though most necessarily—for this 
report concerns schools only—the curtain drops upon this interesting 
moment of transition, shutting out of view the influence which uni- 
versity scholarships and exhibitions exercise upon school-work, and 
thus ignoring an obstacle to the realization of the programme far 
greater than want of money, want of time, or want of appreciation, 
in the schools themselves. 

What is the avowed object and: purpose of the higher English 
school education? Is it the even and progressive development of 
young minds? the strengthening in equal proportion of the faculties 
of imagination, memory, reason, observation? the opening doors of 
knowledge in the plastic time of youth, which if not opened then will 
be fast closed in later years by the pressure of active work, or habit- 
ual exclusiveness, or energies paralyzed through disuse? Nothing of 
the kind. It is constructed entirely with the aim of winning certain 
prizes; for scholarships with which a costly university bribes men to 
come to it for education; for class-lists leading up to college fellow- 
ships; for the lucrative posts of military and civil service. In all 
these, but most of all where the universities can determine the ordeal, 
one principle of success has been established, and that principle is one- 
sidedness. The candidate for India, for Woolwich, for Cooper’s Hill, 
must at an early age select certain subjects and throw overboard all 
the rest. The childish aspirant to the entrance scholarships of a public 
school is placed in the hands of a crammer at eight years old, that at 
thirteen he may turn out Latin verses as a Buddhist prayer-mill turns 
out prayers, and may manifest, as a distinguished head-master has 
lately said, to the eye of a teacher searching for intelligence, thought- 
fulness, promise, intenseness, “a stupidity which is absolutely appall- 
ing.” His scholarship won, he is pledged to pursue a course whose 
benefits are tangible and its evil consequences remote. The universi- 
ties have stamped upon all the schools one deep certainty, that for a 
boy to be “all around,” as it is called, is the irremissible sin; that 
a school-master who teaches with reference to intellectual growth and 
width of culture sacrifices thereby all hope of the distinctions which 
make a school famous and increase its numbers. If a classical scholar- 
ship is desired, science and. mathematics are abandoned: nay, the 
palm of literary excellence is conceded even to men- ignorant of the 
noblest literature in the world, their own birthright and inheritance, 
and knowing less of the history and structure of the English language 
than a fourth-form boy knows of Greek. If mathematical success is 
aimed at, literature and science are ignored; if the few science scholar- 
ships existing tempt candidates from any of “the thirteen schools 
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which possess a laboratory,” mathematics in part and literature alto- 
gether must be given up. It would be waste of words to point out 
the fatal tendency of this separative process; to show how mere lin- 
guistic training needs the rationalizing aid of scientific study, or how 
exclusive science hardens and materializes without the refining society 
of literature; yet such divorce is inevitably due not to the convictions 
of school-masters, not to the influence of parents, not to the preposses- 
sions of the public, but to the irresistible force of the university sys- 
tem, which makes narrowness of intelligence and imperfect knowledge 
the only avenues to distinction or to profit. 

It is true that an attempt to alter this involves little short of a 
revolution ; but by all accounts a revolution is at hand. It is not for 
nothing that a parliamentary investigation into the expenditure of 
college endowments should have been supported by members of the 
colleges themselves, or that a proposal to distribute college scholar- 
ships and exhibitions by a central authority in accordance with the 
results of the leaving-examination should have emanated from emi- 
nent university teachers, For it cannot be too strongly urged that 
college scholarships stand on very different ground from university 
prizes or degrees. It is easy for Parliament to lay down rules which 
shail control the latter once for all; it is not easy to bind the actions of 
some forty ditferent foundations, each electing its own scholars accord- 
ing to its own idiosyncrasies, or in obedience to the changing wills of 
bodies in a perpetual state of flux. It may still be audacious, but it 
is no longer novel, to suggest that, supposing future legislation to re- 
tain the college scholarships at all, they should be awarded by the 
authority of government, in strict connection with leaving-examina- 
tions which government shall conduct, and in reward not of special 
but of general proficiency. For this the scheme of the commission- 
ers virtually contends; into regions beyond this the report before us 
necessarily does not enter. 

It will be seen that we accept, and recommend all teachers to ac- 
cept, the scheme of the commissioners unreservedly as a working basis 
of educational improvement. It may not be ideally perfect ; it may 
invite opposition on points of detail; but it is the resultant of all the 
intellectual forces which have hitherto been brought to bear upon the 
subject ; and, while agreeing with all its witnesses on the principle 
that wide general training should precede specialization of study, it 
attains extreme simplicity of arrangement by allotting the first of 
these to the schools and the last to the universities. Do not let us 
forget that the cry which has arisen hitherto from all the head-masters 
on the point of scientific teaching has been a cry for guidance; for 
commanding and intelligent leadership ; for authoritative enlighten- 
ment as to the relative value and the judicious sequence of scientific 
subjects; for information as to text-books, apparatus, teachers. For 
the first time this cry is met by an oracle whose authority no one will 
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question, and whose completeness of delivery ail who study its utter- 
ances will appreciate. School-masters anxious to teach science, and 
doubtful how to set about it, will meet all the facts which can enlighten 
them in the appendices to the report. They will find lists of accred- 
ited text-books, specimens of examination-papers, varieties of school 
time-tables, priced catalogues of apparatus, syllabi of lectures and 
experiments, botanical schedules and tables, plans and descriptions of 
laboratories, workshops, museums, botanic gardens ; programmes and 
reports of school, scientific, and natural history societies. They will 
learn how costly a temple could be built to science at Rugby, and 
how modestly it could be housed at Taunton, They will see how Mr, 
Foster teaches physics, how Mr. Hale teaches geography, how Mr. 
Wilson teaches Hrdkunde. And they will accept all this as coming 
from men who have a right to speak, and who wield an experience 
such as has not been amassed before. On any legislative change 
which impends over the system and the endowments of the higher 
English education, the body of scientific opinion is strong enough, if 
united, to impress its own convictions ; disunion alone can paralyze it. 
All who feel the discredit of past neglect, its injury to our national 
intellect, and its danger to our national prosperity, will do well to 
support by unqualified adhesion the first attempt that has been made 
to probe its causes, and the first consistent and well-considered scheme 
that has been put forth for its removal.— Nature. 


MODERN BIOLOGICAL INQUIRY. 
By Dr. JOHN L. LE CONTE. 


HE founders of science in America, and the other great students 
of Nature, who have in previous years occupied the elevated 
position in which I now stand, have addressed you upon many mo- 
mentous subjects. In fulfilling the final duty assigned to your Presi- 
dents by the laws of the Association, some have spoken to you in 
solemn and wise words concerning the duties and privileges of men 
of science, and the converse duties of the nation toward those earnest 
and disinterested promoters of knowledge. Others, again, have given 
you the history of the development of their respective branches ot 
study, and their present condition, and have, in eloquent diction, com- 
mended to your gratitude those who have established on a firm — 
foundation the basis of our modern systems of investigation, 
The recent changes in our constitution, by which you are led to 


? Address of the retiring President delivered at the Detroit meeting of the Americar. 
Association for the Advancement of Science. 
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expect from your two Vice-Presidents, and from the chairman of the 
Chemical Subsection, addresses on the progress made during the past 
year, restrain me from invading their peculiar fields of labor, by 
alluding to scientific work which has been accomplished since our last 
meeting. While delicacy forbids me from so doing, I am equally 
debarred from repeating to you the brief sketch I endeavored to give 
at a former meeting,’ of the history and present condition of entomol- 
ogy in the United States. 

But it has appeared to me that a few thoughts, which have im- 
pressed themselves on my mind, touching the future results to be 
obtained from certain classes of facts, not yet fully developed, on 
account of the great labor required for their proper comparison, may 
not be without value. Even if the facts be not new to you, I hope to 
be able, with your kind attention, to present them in such way as to 
be suggestive of the work yet to be done. 

It has been perhaps said, or at least it has been often thought, that 
the first mention of the doctrine of evolution, as now admitted to 
a greater or less degree by every thinking man, is found in Ecclesi- 
astes 1. 9: 

“The thing that hath been, is that which shall be: and that which is done, is 
that which shall be done: and there is no new thing under the sun. Is there 
any thing whereof it may be said, See, this is new? It hath been already of old 
time, which was before us.” 


Other references to evolutionary views in one form or another 
occur in the writings of several philosophers of classic times, as you 
have had recent cause to remember. 

Whether these are to be considered as an expression of a perfect 
truth in the very imperfect language which was alone intelligible to 
the nation to whom this sacred book was immediately addressed on 
the one hand, and the happy guesses of philosophers, who by deep 
intuition had placed themselves in close sympathy with the material 
universe, on the other hand, I shall not stop to inquire. The discus- 
sion would be profitless, for modern science in no way depends for its 
magnificent triumphs of fact and thought upon any utterances of the 
ancients. It is the creation of patient, intelligent labor of the last two 
centuries, and its results can be neither confuted nor confirmed by any 
thing that was said, thought, or done, at an earlier period. I have 
merely referred to these indications of doctrines of evolution to recall 
to your minds that the two great schools of thought, which now 
divide philosophers, have existed from very remote times. They are, 
therefore, in their origin, probably independent of correct scientific 
knowledge: 

You have learned from the geologists, and mostly from those of 


1 Proceedings of the American Association for the Advancement of Science, Section 
xxi. (Portland). 
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the present century, that the strata of the earth have been successively 
formed from fragments more or less comminuted by mechanical action, 
more or less altered by chemical combination and molecular rear- 
rangement. These fragments were derived from strata previously 
deposited, or from material brought up from below, or even thrown 
down from above, or from the débris of organic beings which ex- 
tracted their mineral constituents from surfounding media. Nothing 
new has been added, every thing is old; only the arrangement of the 
parts is new, but in this arrangement definite and recognizable un- 
changed fragments of the old frequently remain. Geological observa- 
tion is now so extended and accurate that an experienced student can 
tell from what formation, and even from what particular locality, these 
fragments have been derived. 

I wish to show that this same process has taken place in the or- 
ganic world, and that by proper methods we can discover in our fauna 
and flora the remnants of the inhabitants of former geologic times, 
which remain unchanged, and have escaped those influences of varia- 
tion which are supposed to account for the differences in the organic 
beings of different periods. 

Should I succeed in this effort, we shall be hereafter enabled, in 
groups of animals which are rarely preserved in fossil condition, to 
reconstruct, in some measure, the otherwise extinct faunsz, and thus 
to have a better idea of the sequence of generic forms in timé, We 
will also have confirmatory evidence of certain changes which have 
taken place in the outline of the land and the sea. More important 
still, we will have some indications of the time when greater changes 
have occurred, the rock evidence of which is now buried at the bottom 
of the ocean, or perhaps entirely destroyed by erosion or separations, 
Of these changes, which involved connections of masses of land, no 
surmise could be made, except through evidence to be gained in the 
manner of which I am about to speak. 

My illustrations will naturally be drawn from that branch of 
zojlogy with which I am most familiar; and it is indeed to your too 
partial estimate of my studies in that science that I owe the privilege 
of addressing you on the present occasion. 

There are, as you know, a particular set of Coleoptera which affect 
the sea-shore; they are not very numerous at any locality, but among 
them are genera which are represented in almost every country of the 
globe. Such genera are called cosmopolitan, in distinction to those 
which are found only in particular districts. Several of these genera 
contain species which are very nearly allied, or sometimes in fact un- 
distinguishable and therefore identical along extended lines of coast. 

Now, it happens that some of these species, though they never 
stray from the ocean-shore inland, are capable of living upon similar 
beaches on fresh-water lakes, and a few are found in localities which 
are now quite inland. 
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To take an example, or rather several examples together, for the 
force of the illustration will be thereby greatly increased. , 

Along the whole of the Atlantic, and the greater part of the Pa- 
cific coast of the United States, is found in great abundance, on sand- 
beaches, a species of tiger-beetle, Cicindela hirticollis, an active, 
winged, and highly-predaceous insect ; the same species occurs on the 
sand-beaches of the Great Lakes, and, were it confined to these and 
similar localities, we would be justified in considering it as living there 
in consequence solely of the resemblance in the conditions of existence. 
But, it is also found, though in much less abundance, in the now ele- 
vated region midway between the Mississippi and Rocky Mountains, 
Now, this is the part of the continent which, after the division of the 
great intercontinental gulf in Cretaceous times, finally emerged from 
the bed of the sea, and was in the early and middle Tertiary converted 
into a series of immense fresh-water lakes. As this insect does not 
occur in the territory extending from the Atlantic to beyond the 
western boundary of Missouri, nor in the interior of Oregon and Cali- 
fornia, I think that we should infer that it is an unchanged survivor 
of the species which lived on the shores of the Cretaceous ocean, when 
the intercontinental gulf was still open, and a passage existed, more- 
over, toward the southwest, which connected with the Pacific. 

The example I have given you of the geographical distribution of 
Cicindela hirticollis would be of small value, were it an isolated case; 
nor would I have thought it worthy of occupying your time, on an 
occasion like this, which is justly regarded as one for the communica- 
tion of important truth. This insect, which I have selected as a type 
for illustrating the methods of investigation to which I invite your 
attention, is, however, accompanied more or less closely by other 
Coleoptera, which like itself are not particular as to the nature of their 
food, so long as it be other living insects, and apparently are equally 
indifferent to the presence of large bodies of salt-water. First, there 
is Cicindela lepida, first collected by my father, near Trenton, New 
Jersey, afterward found on Coney Island, near New York, and re- 
ceived by me from Kansas and Wisconsin; not, however, found west 
of the Rocky Mountains. This species, thus occurring in isolated and 
distant localities, is probably in process of extinction, and may or may 
not be older than C. hirticollis. Iam disposed to believe, as no rep- 
resentative species occurs on the Pacific coast, and from its peculiar 
distribution, that it is older. Second, there is Dyschirius pallipennis, 
a small Carabide, remarkable among other species of the genus by the 
pale wing-covers, usually ornamented with a dark spot. This insect 
is abundant on the Atlantic coast, from New York to Virginia, un- 
changed in the interior parts of the Mississippi Valley, represented at 
Atlantic City, New Jersey, by a larger and quite distinct specific 
form, C. sellatus, and on the Pacific coast by two or three species of 
larger size and different shape, which in my less experienced youth I 
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was disposed to regard as a separate genus, Akephorus. This form is, 
therefore, in a condition of evolution—how, I know not—our descend- 
ants may. The Atlantic species are winged; the Pacific ones, like a 
large number of insects of that region, are without wings. 

Accompanying these are Coleoptera of other families, which have 
been less carefully studied, but I will not trespass upon your patience 
by mentioning more than two. Bledius pallipennis (Staphylinide) is 
found on salt marshes near New York, on the Southern sea-coast, and 
in Kansas; Ammodonus fossor, a wingless Tenebrionide, Trenton sea- 
shore near New York, and valley of the Mississippi at St. Louis; thus 
nearly approximating Cicindela lepida in distribution. 

We can thus obtain by a careful observation of the localities of 
insects, especially such as affect sea-shore or marsh, and those which, 
being deprived of their favorite surroundings, have shown, if Limay 
so express myself, a patriotic clinging to their native soil, most valu- 
able indications in regard to the time at which their unmodified ances- 
tors first appeared upon the earth. For it is obvious that no tendency 
to change in different directions by “numerous successive slight 
modifications ” ' would produce a uniform result in such distant locali- 
ties, and under such varied conditions of life. Properly studied, these 
indications are quite as certain as though we found the well-preserved 
remains of these ancestors in the mud and sand strata upon which 
they flitted or dug in quest of food. 

Other illustrations of survivals from indefinitely more remote times 
I will also give you, from the Coleopterous fauna of our own country, 
though passing time admonishes me to restrict their number. 

To make my remarks intelligible, I must begin by saying that 
there are three great divisions of Coleoptera, which I will name in the 
order of their complication of structural plan: 1. Rhynchophora; 2. 
Heteromera; 3. Ordinary or normal Coleoptera; the last two being 
more nearly allied to each other than either is to the first. I have in 
other places exposed the characters of these divisions, and will not 
detain you by repeating them. 

From paleontological evidence derived from other branches of 
zodlogy, we have a right to suppose, if this classification be correct, 
that these great types have been introduced upon the earth in the 
order in which I have named them. 

Now, it is precisely in the first and second series that the most 
anomalous instances of geographical distribution occur; that is to 
say, the same or nearly identical genera are represented by species in 
very widely-separated regions, without occurring in intermediate or 
contiguous regions. Thus there is a genus Emeaz, founded by Mr. 
Pascoe, upon an Australian species, which, when I saw it, I recognized 
a3 belonging to Nyctoporis, a California genus, established many 
years before; and, in fact, barely specifically distinct from N. galeata, 


1 “Origin of Species,” 1869, p. 22'7. 
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Two other examples are Othnius and Eupleurida, United States 
genera, which are respectively equivalent to Elacatis and Ischalia, 
found in Borneo. Our native genera Eurygenius and Toposcopus 
are represented by scarcely different forms in Australia. All these 
belong to the second series (Heteromera), and the number of exam- 
ples might be greatly increased with less labor on my part than 
patience on yours. 

A single example from the Rhynchophora, and I will pass to an- 
other subject. 

On the sea-coast of California, extending to Alaska, is a very 
anomalous insect, whose affinities are difficult to discern, called Em- 
phyastes fucicola, from its occurrence under the sea-weed cast up by 
the waves. It is represented in Australia by several species of a 
nearly allied genus, Apheda, found in similar situations, 

In all entomological investigations relating to geographical distri- 
bution, we are greatly embarrassed by the multitude of species, and by 
the vague and opinionative genera founded upon characters of small 
importance. The Coleoptera alone, thus far described, amount to 
over 60,000 so-called species, and there are from 80,000 to 100,000 in 
collections. Under these circumstances it is quite impossible for one 
person to command either the time or the material to master the 
whole subject, and, from the laudable zeal of éollectors to make known 
what they suppose to be new objects, an immense amount of synonymy 
must result. Thus in the great “ Catalogus Coleopterorum ” of Gem- 
minger and Harold, a permanent record of the untiring industry of 
those two excellent entomologists, species of the genus Trechicua, 
founded by me upon a small North American insect, are mentioned 
under five generic names, only one of which is recognized as a syno- 
nym of another. These generic headings appear in such remote pages 
of the volume as 135, 146, and 289. 

The two closely-allied genera of Rhynchophora mentioned above 
are separated by no less than 168 pages. 

It is therefore plain that, before much progress can be made in 
the line of research which I have proposed to you, whereby we may 
recover important fragments of the past history of the earth, ento- 
mology must be studied in a somewhat different manner from that 
now adopted. The necessity is every day more apparent that de- 
scriptions of heterogeneous material are rather obstructive than bene- 
ficial to science, except in the case of extraordinary forms likely to 
give information concerning geographical distribution or classifica- 
tion. Large typical collections affording abundant material for com- 
parison, for the approximation of allied forms, and the elimination of 
doubtful ones, must be accumulated, and, in the case of such perish- 
able objects as those we are now dealing with, must be placed where 
they can have the protecting influences both of climate and personal 
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At the same time, for this investigation, the study of insects is 
peculiarly suitable; not only on account of the small size, ease of 
collecting, and little cost of preserving the specimens, but because 
from their varied mode of life in different stages of development, and 
perhaps for other reasons, the species are less likely to be destroyed 
in the progress of geological changes.’ Cataclysms and submer- 
gences, which would annihilate the higher animals, would only float 
the temporarily asphyxiated insect, or the tree-trunks containing the 
larvee and pupe, to other gcighboring lands. However that may be, 
Ihave given you some grounds for believing that many of the spe- 
cies of insects now living existed in the same form before the appear- 
ance of any living genera of mammals, and we may suppose that their 
unchanged descendants will probably survive the present mammalian 
fauna, including our own race. 

I may add, moreover, that some groups, especially in the Rhyncho- 
phora, which, as I have said above, I believe to be the earliest intro- 
duced of the Coleoptera, exhibit with compact and definite limits, and 
clearly-defined specific characters, so many generic modifications, that 
I am compelled to think that we have in them an example of the long- 
sought, unbroken series, extending in this instance from early meso- 
zoic to the present time, and of which very few forms have become 
extinct. 

I have used the word species so often, that you will doubtless be 
inclined to ask, What, then, is understood by a species? Alas! I can 
tell you no more than has been told recently by many others. It is 
an assemblage of individuals, which differ from each other by very 
small or trifling and inconstant characters, of much less value than 
those in which they differ from any other assemblage of individuals. 
Who determines the value of these characters? The experienced 
student of that department to which the objects belong. Species are, 
therefore, those groups of individuals representing organic forms 
which are recognized as such by those who from natural power and 
education are best qualified to judge. 

You perceive, therefore, that we are here dealing with an entirely 
ditferent kind of information from that which we gain from the phys- 
ical sciences; every thing there depends on accurate observation, 
with strict logical consequences derived therefrom. Here the basis 
of our knowledge depends equally on accurate and trained observa- 
tion, but the logic is not formal but perceptive. 

This has been already thoroughly recognized by Huxley* and 


1 For a fuller discussion of these causes, and of several other subjects which are 
briefly mentioned in this address, the reader may consult an excellent memoir by my 
learned friend Mr. Andrew Murray, “On the Geographical Relations of the Chief Co- 
leopterous Faune.”—{Journal of Linnean Society, Zodlogy, vol. xi.) 

*“ A species is the smallest group to which distinctive and invariable characters can 
be — (“Principles and Methods of Paleontology,” Smithsonian Report, 1869, 
p. 378.) 
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Helmholtz,’ and others, but we may properly extend the inquiry into 
the nature and powers of this esthetic perception somewhat further. 
For it is to this fundamental difference between biological and physical 
sciences that I will especially invite your attention. 

Sir John Lubbock,’ quoting from Oldfield,’ mentions that certain 
Australians “were quite unable to realize the most vivid artistic 
representations. On being shown a picture of one of themselves, one 
said it was a ship, another a kangaroo, not one in a dozen identifying 
the portrait as having any connection with himself.” 

These human beings, therefore, with brains very similar to our own, 
and, as is held by some persons, potentially capable of similar cultiva- 
tion with ourselves, were unable to recognize the outlines of even such 
familiar objects as the features of their own race. Was there any 
fault in the drawing of the artist? Probably not. Orin the eye of 
the savage? Certainly not, for that is an optical instrument of toler- 
ably simple structure, which cannot fail to form on the retina an ac- 
curate image of the object to which it is directed. Where, then; is the 
error? It is in the want of capacity of the brain of the individual (or 
rather the race in this instance) to appreciate the resemblance between 
the outline, the relief, the light and shade of the object pictured, and 
the flat representation in color: in other words, a want of “artistic 
tact” or esthetic perception. ' 

A higher example of a similar phenomenon I have myself seen: 
many of you too have witnessed it, for it is of daily occurrence. It is 
when travelers in Italy, having penetrated to the inmost chamber of 
the Temple of Art, even the hall of the Tribune at Florence, stand in 
presence of the most perfect works of art which it has been given to 
man to produce, and gaze upon them with the same indifference that 
they would show to the conceptions of mediocre artists exhibited in 
our shops. 

Perhaps they would even wonder what one can find to admire in 
the unrivaled collection which is there assembled. 

There is surely wanting in the minds of, such persons that high, 
esthetic sense, which enables others to enter into spiritual harmony 
with the great artists whose creations are before them. 

Creations I said, and I use the word intentionally. If there is one 
power of the human soul which, more nearly than any other, ap- 


1 “T do not mean to deny that, in many branches of these sciences, an intuitive per- 
ception of analogies and a certain artistic tact play a conspicuous part. In natural his- 
tory... . it is left entirely to this tact, without a clearly definable rule, to determine 
what characteristics of species are important or unimportant for purposes of classifica- 
tion, and what divisions of the animal or vegetable kingdom are more natural than 
others.” (“ Relation of the Physical Sciences to Science in General.” Smithsonian Re- 
port, 1871, p. 227.) 

* “ Prehistoric Times,” p. 440. 

*“On the Aborigines of Australia.” Transactions of Ethnological Society, New 
Series, vol. iii. 
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proaches the faculty of creation, it is that by which the almost in- 
spired artist develops out of a rude block of stone, or out of such 
mean materials as canvas and metallic pastes of various colors, figures 
which surpass in beauty, and in power of exciting emotion, the objects 
they profess to represent. 

Yet these unesthetic and non-appreciative persons are just as highly 
educated, and in their respective positions as good and useful mem- 
bers of the social organism, as any that may be found. I maintain 
only, they would never make good students of biology. 

{n like manner, by way of illustrating the foregoing observations, 
there are some who, in looking at the phenomena of the external uni- 
verse, may recognize only chance, or the “ fortuitous concourse of 
atoms,” producing certain resultant motions. Others, having studied 
more deeply the nature of things, will perceive the existence of laws, 
binding and correlating the events they observe. Others, again, not 
superior to the latter in intelligence, nor in power of investigation, 
may discern a deeper relation between these phenomena and the in- 
dications of an intellectual or esthetic or moral plan, similar to that 
which influences their own actions, when directed to the attaining of a 
particular result. 

These last will recognize in the operations of Nature the direction 
of a human intelligence, greatly enlarged, capable of modifying at its 
will influences beyond our control; or they will appreciate in them- 
selves a resemblance to a superhuman intelligence which enables them 
to be in sympathy with its actions. 

Either may be true in individual instances of this class of minds; 
one or other must be true; I care not which, for to me the propositions 
are in this argument identical, though in speculative discussions 
they may be regarded as at almost the opposite poles of religious be- 
lief. All that I plead for is, that those who have not this perceptive 
power, and who in the present condition of scientific discussion are 
numerically influential, will have tolerance for those who possess it ; 
and that the ideas of the latter may not be entirely relegated to the 
domain of superstition and enthusiasm. 

In the case of the want of perception of the Australian, a very 
simple test can be applied. It is only to photograph the object rep- 
resented by the artist, and compare the outlines and shades of the 
photograph with those of the picture. If they accord within reason- 
able limits, the picture is correct to that extent; at least, however bad 
the artist, the human face could never be confounded with a ship or 
a kangaroo. 

Can we apply a similar test to the works of Nature? I think we 
can, Suppose that man—I purposely use the singular noun to indi- 
cate that all human beings of similar intelligence and education work- 
ing toward a definite end will work in a somewhat similar manner— 
suppose, then, I say, that man, endeavoring to carry out some object 
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of importance, devises a method of so doing, and creates for that pur- 
pose a series of small objects, and we find that these small objects 
naturally divide and distribute themselves in age and locality, in a 
similar manner to that in which the species of a group of organisms 
are divided in space, and distributed in time; and that the results of 
man’s labor are thus divided and distributed on account of the neces- 
sary inherent qualities of his intelligence and methods of action—is 
not the resemblance between human reason and the greater powers 
which control the manifestations of organic Nature apparent ? 

I now simply present to you this investigation. Time is wanting 
for me to illustrate it by even a single example, but I feel sure that I 
have in the minds of some of you already suggested several applica- 
tions of it to the principle I wish to teach: the resemblance in the dis- 
tribution of the works of Nature to that of human contrivances evolved 
for definite purposes. 

If this kind of reasoning commends itself to you, and you thus 
perceive resemblances in the actions of the Ruler of the universe to 
those of our own race, when prompted by the best and highest intel- 
lectual motives, you will be willing to accept the declaration of the 
ancient text, “He doeth not evil, and abideth not with the evil in- 
clined. Whatever he hath done is good;”* or that from our own 
canon of Scripture: “ With him is wisdom and streng+h, he hath 
counsel and understanding.” * 

The esthetic character of natural history, therefore, prevents the 
results of its cultivation from being worked out with the precision of 
a logical machine, such as, with correct data of observation and calcu- 
lation, would be quite sufficient to formulate the conclusions of physi- 
cal investigation, According as the perception of the relations of 
organic beings among themselves becomes more and more enlarged, 
the interpretation of these relations will vary within limits; but we 
will be continually approximating higher mental or spiritual truth. 

This kind of truth can never be revealed to us by the study of in- 
organic aggregations of the universe. The molar, molecular, and 
polar forces, by which they are formed, may be expressed, so far aa 
science has reduced them to order, by a small number of simply for- 
mulated laws, indicative neither of purpose nor intelligence, when 
confined within inorganic limits. In fact, taking also the organic 
world into consideration, we as yet see no reason why the number of 
chemical elements known to us should be as large as it is, and go on 
increasing almost yearly with more minute investigations. To all ap- 
pearance, the mechanical and vital structure of the universe would re- 
main unchanged, if half of them were struck out of existence. 

Neither is there any evidence of intelligence or design in the fact 
that the side of the moon visible to us exhibits only a mass of volca- 
noes. 


1“ Desatir,” p. 2. * Job xii. 18 
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Yet upon the earth, without the volcano and the earthquake, and 
the elevating forces of which they are the feeble indications, there 
would be no permanent separation of land and water; consequently 
no progress in animal and vegetable life beyond what is possible in 
the ocean. To us, then, as sentient beings, the volcano and the earth- 
quake, viewed from a biological stand-point, have a profound signifi- 
cance. 

It is indeed difficult to see in what manner the student of purely 
physical science is brought to a knowledge of any evidences of intel- 
ligence in the arrangement of the universe. The poet, inspired by 
meditating on the immeasurable abyss of space and the transcendent 
glories of the celestial orbs, hasgleclared— 


“ The undevout astronomer is mad,” 


and his saying had a certain amount of speciousness, on account of 
the magnitude of the bodies and distances with which the student of 
the stars is concerned. ‘This favorite line is, however, only an exam- 
ple of what an excellent writer has termed “the unconscious action 
of volition upon credence,” and it is properly in the correlations 
of the inorganic with the organic world that we may hope to ex- 
hibit, with clearness, the adaptations of plan prefigured and design 
executed. 

In the methods and results of investigation, the mathematician 
differs from both the physicist and the biologist. Unconfined, like 
the former, by the few simple relations by which movements in the 
inorganic world are controlled, he may not only vary the form of his 
analysis, almost at pleasure, making it more or less transcendental in 
many directions, but he may introduce factors or relations, apparently 
inconceivable in real existences, and then interpret them into results 
quite as real as those of the legitimate calculus with which he is work- 
ing, but lying outside of its domain, 

If biology can ever be developed in such manner that its results 
may be expressed in mathematical formula, it will be the pleasing 
task of the future analyst to ascertain the nature of the inconceivable 
(or imaginary as they are termed in mathematics) quantities which 
must be introduced when changes of form or structure take place. 
Such will be analytical morphology, in its proper sense; but it is a 
science of the future, and will require for its calculus a very complex 
algebra, 

In the observation of the habits of inferior animals, we recognize 
many complications of action, which, though directed to the accom- 
plishment of definite purposes, we do not entirely comprehend, They _ 
are, in many instances, not the result of either the experience of the 
individual, or the education of its parents, who in low forms of ani- 
mals frequently die before the hatchiag of the offspring. These actions 
have been grouped together, whether simple or complex, as d'>~cted 
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by what we are pleased to call instinct, as opposed to reason. Yet 
there is every gradation between the two. 

Among the various races of dogs, the companions of man for un- 
numbered centuries, we observe not only reasoning powers of a rather 
high order, but also distinct traces of moral sentiments, similar to 
those possessed by our own race. I will give no examples, for many 
may be found in books with which you are familiar. Actions evincing 
the same mental attributes are also. noticed in wild animals which 
have been tamed. You will reply that these qualities have been de- 
veloped by human education; but not so: there must have been a 
latent capacity in the brain to receive the education, and to manifest 
the results by the modification of thehabits. Now, it is because we 
are vertebrates, and the animals of which I have spoken are verte- 
brates, that we understand, though imperfectly, their mental pro- 
cesses, and can develop the powers that are otherwise latent. Could 
we comprehend them more fuliy we would find, and we do find from 
time to time in the progress of our inquiries, that what was classed 
with instinct is really intellection. 

When we attempt to observe animals belonging to another sub- 
kingdom—Articulata, for instance—such as bees, ants, termites, ete., 
which are built upon a totally different plan of structure, having no 
organ in common with ourselves, the difficulty of interpreting their 
intellectual processes, if they periorm any, is still greater. The pur- 
poses of their actions we can only divine by their results. But any 
thing more exact than their knowledge of the objects within their 
scope, more ingenious than their methods for using those objects, more 
complex, yet well devised, than their social and political systems, it is 
impossible to conceive. 

We are not warranted in assuming that these actions are instinc- 
tive, which if performed by a vertebrate we would call rational. In- 
stead of concealing our ignorance under a word which thus used comes 
to mean nothing, let us rather admit the existence here of a rational 
power, not only inferior to ours, but also different. 

Thus proceeding, from the highest forms in each type of animal 
life to the lower, and even down to the lowest, we may be prepared 
te advance the thesis that all animals are intelligent, in proportion to 
the ability of their organization to manifest intelligence to us or to 
each other; that wherever there is voluntary motion, there is intelli- 
gence: obscure it may be, not comprehended by us, but comprehended 
by the companions of the same low grade of structure, 

However this may be, I do not intend to discuss the subject at 
present, but only wish in connection with this train of thought to offer 
two suggestions. 

The first is, that by pursuing different courses of investigation in 
biology, we may be led to opposite results. Commencing with the 
simplest forms of animal life, or with the embryo of the higher ani 
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mals, it may be very difficult to say at what point intelligence begins 
to manifest itself; our attention is concentrated, therefore, upon those 
functions which appear to be the result of purely mechanical arrange- 
ments, acted upon by external stimyli. The animal becomes to our 
perception an automaton, and in fact, by excising some of the nervous 
organs last developed in its growth, we can render an adult animal 
an automaton, capable of performing only those habitual actions to 
which its brain, when in perfect condition, had educated the muscles 
of voluntary motion. On the other hand, commencing with the high- 
est group in each type, and going downward, either in structural com- 
plication, or in age of individual, it is impossible to fix the limit at 
which intelligence ceases to be apparent. 

I have in this subject, as in that of tracing the past history of our 
insects, in the first part of this address, preferred the latter mode of 
investigation; taking those things which are nearest to us in time or 
structure as a basis for the study of those more remote. 

The second consideration is, since it is so difficult for us to under- 
stand the mental processes, whether rational or instinctive (I care 
not by what name they are called), of beings more or less similar but 
inferior to ourselves, we should exercise great caution when we have 
occasion to speak of the designs of one who is infinitely greater. Let 
us give no place to the crude speculations of would-be tcleologists, 
who are, indeed, in great part, refuted already by the progress of 
science, which continually exhibits to us higher and more beautiful 
relations between the phenomena of Nature “than it hath entered 
into the mind of man to conceive.” Let not our vanity lead us to be- 
lieve that, because God has deigned to guide our steps a few paces 
on the road of truth, we are justified in speaking as if he had taken 
us into intimate companionship, and informed us of all his counsels. 

If I have exposed my views on these subjects to you in an accept- 
able manner, you will perceive that, in minds capable of receiving such 
impressions, biology can indicate the existence of a creative or direc- 
tive power, possessing attributes some of which resemble our own, 
and controlling operations which we may feebly comprehend. Thus 
far natural theology, and no further. 

What, then, is the strict relation of natural history or biology to 
that great mass of learning and influence which is commonly called 
theology ; and tothat smaller mass of belief and action which is called 
religion ? 

Some express the relation very briefly, by saying that science and 
religion are opposed to each other; others, again, that they have 
nothing incommon. These expressions are true of certain classes of 
minds; but the greater number of thinking and educated persons see 
that, though the ultimate truths taught by each are of quite distinct 
nature, and can by no means come in conflict, inasmuch as they have 
no point in common, yet so far as these truths are embodied in hu- 
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man language, and manipulated by human interest, they have a 
common dominion over the soul of man. According to the method 
of their government, they may then come into collision even as the 
temporal and spiritual sovereigns of Japan occasionally did, before 
the recent changes in that country. 

In answering the query above proposed, it will be necessary to 
separate the essential truths of religion from the accessories of tradi- 
tion, usage, and, most of all, organizations and interpretations which 
have in the lapse of time gathered around the primitive or revealed 
truth. 

With the latter, the scientific man must deal exactly like other 
men—he must take it or reject it, according to his spiritual gifts; but 
he must not, whatever be his personal views, discuss it or assail it as 
a man of science, for within his domain of investigation it does not 
belong. 

With regard to the accessories of traditions, interpretations, etc., 
our answer may be clearer when we have briefly reviewed some re- 
cent events in what has been written about as the conflict of religion 
and science. . Some centuries ago, great theological disgust was pro- 
duced by the announcement that the sun and not the earth was the 
centre of the planetary gystem. <A few decades ago profound dissat- 
isfaction was shown that the evidence of organic life on the planet 
was very ancient. Recently some annoyance has been exhibited be- 
cause human remains have been found in situations where they ought 
not to have been, according to popularly received interpretations ; 
and yet more recently much apprehension has been felt at the pos- 
sible derivation of man from some inferior organism; an hypothesis 
framed simply because, in the present condition of intellectual advance- 
ment, no other can be suggested. 

Yet all these facts, but the last, which still is an opinion, have 
been accepted, after more or less bitter controversy on both sides, and 
the fountain of spiritual truth remains unclouded and undiminished. 
New interpretations for the sacred texts supposed to be in conflict 
with the scientific facts have been sought and found without diffi- 
culty. These much-feared facts have, moreover, given some of the 
strongest and most convincing illustrations to modern exhortation and 
religious instruction. 

Thus, then, we see that the influence of science upon religion has 
been beneficial. Scholastic interpretations founded upon imperfect 
knowledge, or no knowledge, but mere guess, have been replaced by 
sound criticism of the texts, and their exegesis in accordance with the 
times and circumstances for which they were written. 

It must be conceded by fair-minded men of both sides that these 
controversies were carried on at times with a rudeness of expression 
and bitterness of feeling now abhorrent to our usages. The intellect- 
ual wars of those days partook of the brutality of physical war, and 
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the horrors of the latter, as you know, have been ameliorated only 
within very few years. 

I fear that the unhappy spirit of contention still survives, and that 
there are yet a few who fight for victory rather than for truth. The 
deceptive spirit of Voltaire still buds forth occasionally; he who, as 
you remember, disputed the organic nature of fossil shells, because in 
those days of schoolmen their occurrence.on mountains would be used 
by others as a proof of a universal Noachian deluge. The power of 
such spirits is fortunately gone for any potent influence for evil, gone 
with the equally obstructive influence of the scholastics with whom 
they formerly contended. 

Since, then, there is no occasion for strict science and pure religion 
to be in conflict, how shall the peace be kept between them ? 

By toleration and patience—toleration toward those who believe 
less than we do, in the hope that they, by cultivation or inheritance 
of esthetic perception, will be prepared to accept something more than 
matter and energy in the universe, and to believe that vitality is not 
altogether undirected colloid chemistry. 

Toleration also toward those who, on what we think misunderstood 
or insufficient evidence, demand more than we are prepared to admit, 
in the hope that they will revise additional texts which seem to 
conflict, or may hereafter conflict, with facts deduced from actual 
study of Nature, and thus prepare their minds for the reception of 
such truths as may be discovered, without embittered discussions. 

Patience, too, must be counseled. For much delay will ensue 
before this desired result is arrived at; patience under attack, patience 
under misrepresentation, but never controversy. 

Thus will be hastened the time when the glorious, all-sufficient 
spiritual light, which, though given through another race, we have 
adopted as our own, shall shine with its pristine purity, freed from the 
incrustations with which it has been obscured by the vanity of partial 
knowledge, and the temporary contrivances of human polity. 

So, too, by freely-extended scientific culture, may we hope that 
the infinitely thicker and grosser superstitions and corruptions will be 
removed which greater age and more despotic governments have 
accumulated around the less brilliant though important religions of 
our Asiatic Aryan relatives. These accretions being destroyed, the 
principal difficulty to the reception by those nations of higher spiritual 
truths will be obviated, and the intelligent Hindoo or Persian will not 
be tardy in recognizing, in the pure life and elevated doctrine of the 
sincere Christian, an addition to and fuller expression of religious 
precepts with which he is familiar. In this manner alone may be 
realized the hope of the philosopher, the dream of the poet, and the 
expectation of the theologian—a universal science and a universal 
religion, codperating harmoniously for the perfection of man and the 
glory of his Creator. 
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THE SAND-BLAST. 
By W. 8. WARD. 


ROF. WILLIAM P. BLAKE, in a communication “On the 

Grooving and Polishing of Hard Rocks and Minerals by Dry 
Sand,” which appeared in the American Journal of Science and Arts, 
September, 1855, describes the phenomena observed by him in 1838, 
in the Pass of San Bernardino, California, as follows: “On the eastern 
declivities of the pass, the side turned toward the desert, the granite 
and associate rocks which form the sharp peak San Gorgonio extend 
down the valley of the pass in a succession of sharp ridges, which, be- 
ing devoid of soil and of vegetation, stand out in bold and rugged out- 
lines against the clear, unclouded sky of that desert-region. It was 
on these projecting spurs of San Gorgonio that the phenomena of 
grooving were seen; the whole surface of the granite over broad 
spaces was cut into long and perfectly parallel grooves and little 
furrows, and every portion of it was beautifully smoothed, and, 
though very uneven, had a fine polish.” While contemplating these 
curious effects, the solution of the problem was presented. The wind 
was blowing very hard, and carried with it numerous little grains of 
sand. A closer examination disclosed the fact that the whole of the 
polished surface was enveloped in an atmosphere of moving sand, and 
it was through the grinding and rubbing of these minute but number- 
less quartz-atoms that the rough surfaces of these rocks had been 
made smooth, and the natural grooves deepened and polished. 
“ Even quartz,” he observed, “ was cut away and polished ; garnets 
and tourmaline were also cut and left with polished surfaces... . 
Whenever a garnet or,a lump of quartz was imbedded in compact 
feldspar and favorably presented to the action of the sand, the feld- 
spar was cut away around the hard mineral, which was thus left 
standing in relief above the general surface.” 

The traveler whose good fortune it is to visit our Western wonder- 
land, will note among the many fingers in his guide-book one pointing 
in the direction of the now famous Monument Park. Entering a 
narrow valley bordered by mountain-walls, he will find himself gazing 
in wonderment at the rounded stone columns, rising about him in 
groups or singly, to a height ranging from ten to forty feet, and in 
many instances surmounted with grotesque cap-like coverings, that 
rest balanced upon the frail pinnacles of the rock-columns. An in- 
quiry as to the causes of their existence, standing as they do in isola- 
tion on the surface of the valley low-lands, will elicit the reply that 
they were made by the wearing away of the surrounding rocks by 
sand, which, whirling about in water or air eddies, acted like chisels 
of the turner’s lathe. Where the depressions were deepest there the 
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rocky strata were soft and yielding, and were the more readily cut 
away; but where the opposing surface was hard, as in the case of the 
black cap-pieces, the action was less rapid, and the reduction of the 
rock less decided. Glancing off from these, the whole force of the 
driving sand was projected against the strata immediately below, 
thus reducing it in size till there seems hardly circumference enough 
left to sustain the weight above. 

















Fic. 1.—Sanp-ovr Cotumns In MonvMENT Park. 


So much for the observations of the geologist and explorer, male 
nearly half a century ago, and placed on record as forming but one of 
the many startling features of that wonderful region, but suggesting 
to the traveler little else than a reasonable theory by which to account 
for a hitherto mysterious class of physical phenomena. From this, 
the record of the student of Nature, we turn to a second record, more 
practical in character, and having a direct bearing upon the subject 
under review. | 

Whether the author or inventor ot the modern sand-blast deserves 
any less credit for having had his idea anticipated in the workshops 








302 THE POPULAR SCIENCE MONTHLY. 


of Nature, we will not say; certain it is, however, that the former 
work suggested the latter, though the prior claim does not seem to 
have been considered by the American Commissioner of Patents. 

“On the 18th of October, 1870,” we read, “ letters-patent of the 
United States were granted to General B. C. Tilghman, of Philadel- 
phia, for the cutting, grinding, etching, engraving, and drilling stone, 
metal, wood, or any hard substance, by means of a jet or blast of 
sand.” We are also informed, from the same official source, that the 
inventor of the sand-blast process obtained his first hints from Na- 
ture, and, by means of a mechanism which is a marvel of simplicity, 
has been able to utilize this same force so as to make it render most 
efficient service in several departments of the applied arts. 

It is the object of the present paper to describe and illustrate the 
invention known as the Tilghman Sand-Blast, an invention which, in 
simplicity of construction, and yet extent of application, has hardly 
an equal in the annals of the American Patent-Office. We are aware 
that this is a broad claim, when it is remembered that under the pro- 
tection of the same authority the sewing-machine, reaper, and mower, 
positive-action loom, and a score or more of great mechanical devices, 
first saw the light. It is possible that there is that in the idea of the 
sand-blast which adds to its charm, and secured for it the admiring 
indorsement of Torrey, Tyndall, and other men of science; and yet a 
careful study of its principle, and an observance of its practical op- 
eration, seem to justify all and more than is claimed for it by the 
inventor or his distinguished indorsers. 

If the reader will refer to the simple “claim” as given above, he 
will notice that it is proposed to accomplish the several results there 
named “ by means of a je¢ or blast of sand.” The italics are our own, 
and are now introduced since it is in this idea of a jet of sand that the 
first principle of the device rests; and, moreover, it was an attempt 
made by others to adopt this falling jet of sand that compelled the 
inventor to institute his first proceeding against infringement. With 
the legal history of the sand-blast, however, we have nothing to do, 
save as it concerns the general history of the invention and its prog- 
ress. In order that the methods by which a simple falling column or 
stream of sand is made to do service as. an engraver of glass and 
metal plates may be understood, attention is directed to Fig. 2, which 
may be described as follows : 

A is a box, elevated as high above the engraver’s table as the height 
of the ceiling will permit. When designed for several workmen, this 
box may be divided into compartments, as indicated, each compart- 
ment being filled with common quartz or sea-sand, of varying degrees 
of fineness. From the bottom of each division a metal tube, c, depends, 
reaching to within a few inches of the table below. A slide, B, serves 
to regulate or check the flow of the sand. .Thus much for the simplest 
form of sand-blast. A word as to the manner of its operation; and 
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here, again, reference must be made to the original “claim,” where it 
will be found that the operation of the blast is limited to the cutting, 
grinding, etc., of any hard substance. . It may be well to note the sig- 
nificance of this word hard, since in it lies the secret of the whole pro- 
cess, The substance upon which the sand acts must be a hard or brit- 











Fic. 2.—DEvice FoR ETCHING wiTH SAND. 


tle one, falling or being blown upon which, the angular sand-grains 
chip away minute portions, till at length the whole surface is reduced 
or scratched to any desired depth. Thus, if the plate which, as shown 
in the figure, be a glass one, and the workman wishes to engrave on 
it a flat design, he has only to protect the portions which are not to 
be acted upon, by a stencil made from rubber, soft iron, leather, or 
even paper, since, these substances not being hard or brittle, will not 
be affected by the descending blows of the sand-grains. This the 
workman has done, and by this means he has been able to depolish 
or grind the surface of the plate as indicated. Of the methods of 
constructing and applying these stencils, their variety and several 
uses, descriptions will be given as we advance. 

From the use of a simple jet of falling sand, we pass on a step, 
and in Fig. 3 present the Tilghman Sand-blast Machine, in its original 
and complete form, all subsequent improvements having been made 
only with a view to some special form of service. The feature of this 
device, it will be observed, is the use of a blast of air or steam which 
shall be made to accelerate the falling of the sand through the tube, 
and thus cause each grain to act with additional force upon the op~ 
posing surface. If the reader will, by the aid of the illustration, ob- 
serve closely the construction of this simple device, he will be able to 
comprehend, once for all, not only the novelty of the invention, but 
also its extreme simplicity. 
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Connected with a wooden box, supported on a shelf, as here indi- 
cated, is a flexible rubber tube, which in turn is attached at its lower 
end to an iron tube, that rises through the floor of a miniature wagon, 
This wagon rests on the roof of a box. through which a slit is cut in the 
direction shown. Through this slit the iron tube passes, projecting 
into the box below. It is to the structure of this metal tube, or gun, 
as it is called, that attention is specially directed. As shown in the 








Fie. 3.—THE TILGHMAN SAND-BLAST MACHINE. 


section at the right, it consists of two tubes, the one leading down frem 
the box and conveying the sand being smaller, thus allowi ing of an 


annular space between it and the lower section. Into this lower see- 
tion, and at a right angle to it, the blast of air is admitted from a suit- 
able reservoir. The sand falling down, as shown by the upper arrow, 
enters the lower tube at a point below that at which the air is admit- 
ted. Having passed below the limits of its conducting-tube, it re- 
ceives an extra impulse from the air-current that also is passing 
downward, and by it is projected with greater force upon the hard 
substance below. In addition to the advantage gained by this new 
impulse, it will also be seen that the blast serves another purpose in 
blowing away the sand, so soon as its work is done, and thus leav- 
ing the surface below clean and in a condition to be the more readily 
acted upon by the succeeding blasts. The purpose of the wagon is 
merely to admit of the tube being moved forward and backward along 
the line of the plate to be engraved, the lateral movement of the plate 
being effected by a suitable device not here shown. This plate is 
inclosed in a box, for the reason that the falling grains of sand, while 
they chip away the surface of the plate, are also broken up and pow- 
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dered. And it is that this dust may not interfere with the health and 
comfort of the workmen that the whole is confined in a closed box. 

Before describing the several methods by which, through the aid 
of specially-prepared stencils, the surfaces to be treated are exposed 
to the action of the blast, we will direct attention to certain of the 
more recent forms of the machines, all embodying the same general 
principles, but so modified as to adapt them to the special service for 
which they are intended. 

Foremost among these devices is the large machine, by the aid of 
which flat plates are ground or engraved. 
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Fie. 4.—MACHINE FOR ENGRAVING Fiat Piates. 


The distinctive feature of this machine is the substitution of a long, 
narrow slit for the tube; through this the sand falls or is blown in a 


thin sheet. Referring to Fig. 4, we find the machine composed of a 
VOL. VIII.—20 
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large supply-box, into which the sand is elevated by a series of hop- 
pers attached to a moving belt. From this box the sand falls of its 
own weight into a second receptacle, which serves also as a receiving- 
chamber for the air-blast that enters at the right through the large 
blast-pipe. From this receiver the sand is driven downward through 
a second slit, and emerges from it with great force. 

At right angles with this slit a series of leather straps or moving 
belts serves to convey the polished plate beneath the sheet of falling 
sand, and it is during the passage of the plate under this sand-sheet 
that its surface is depolished or ground. As these plates move at the 
rate of from six to thirty inches a minute, an estimate can be made as to 
the rapidity with which the work of grinding is effected. When it is 
desired to merely roughen the whole surface, it is evident that no pre- 
liminary processes are needed, the plates of glass being fed in at the 
opening indicated on the right, and passing through to be received and 
delivered at once as ground glass. 
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Fig. 5.— PLATES ENGRAVED BY SAND-BLAST. 


When it is desired, however, to engrave figures or designs upon 
the plates, a special process precedes the grinding. This consists in 
the designing and attaching of the stencils, and may be described as 
follows: The glass plate, which it is proposed to ornament with any 
suitable device, is laid upon the designer’s table and covered over its 
whole surface with a thin sheet of tin-foil. Upon this bright metallic 
surface the designer sketches his pattern, and then by the aid of a 
sharp knife-point cuts through the foil along the lines of the pattern. 
The foil, which indicates the design, is then carefully lifted and re- 
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moved, leaving the glass exposed, showing the exact form of the pat- 
tern. The plate is then removed and placed upon a second table, 
where it receives over its entire surface a thin layer of melted wax. 
When this wax has become sufficiently hardened, a knife is introduced 
beneath the portions of foil that remain, and these are gently lifted 
and removed with the wax immediately over them. What remains 
now is the original pattern traced in wax and resting on the glass. 
The plate thus prepared is then placed on the moving belts, or feeders, 
of the large machine and by them is conveyed under the falling sand- 
blast. Of course, this sheet of sand strikes with equal force on the 
whole surface ; but where the wax layers intervene they act as shields, 
receiving the sand but checking its progress, while the exposed por- 
tions being glass, and therefore brittle, are roughened so as to present 
the appearance of a ground surface. After each plate passes through, 
it is again slightly heated, the wax removed, and the final appearance 
is such as indicated in Fig. 5. These illustrations, it may be stated, 
are from photographic imprints, taken ftom actual plates, and, as such, 
indicate with perfect exactness the character of the work. In these 
the light portions represent the ground or depolished surfaces, while 
the dark lines are those which, having been protected by the stencil 
shield of wax, were untouched. 








Fie. 6.—MACHINE OPERATED BY EXHAUST INSTEAD OF BLAST. 


When the surfaces to be acted upon are curved, as in the case of 
globes, tumblers, etc., a special device is needed. The feature of 
this is an exhaust-chamber, by the aid of which the sand is drawn up 
through a tube and projected upward, as shown in Fig. 6. Immedi- 
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ately above the orifice through which the sand rises, the stencil- 
covered globes are caused to revolve on spindles, and, when finished, 
have the appearance indicated in Fig. 7. 

If the reader has been able to follow this necessarily brief descrip- 
tion, he will readily perceive how, by the use of duplicate stencils, 
constructed of any tough substance, the work of engraving, once an 
art in itself, becomes merely a mechanical process. As the result of 
experiments, now nearly completed, a form of rubber ink has been 
devised which, when laid on paper, converts it into a stencil, suffi- 
ciently tough to resist the action of the blast. Then, again, it may 
be seen how designs, direct from Nature, may be transferred to 
glass or metal by merely attaching a leaf or vine to the surface, and 
exposing it to the action of the blast. Nor is glass the only substance 
that’can be ground and engraved. All metals, when hardened, are as 





readily cut. The zinc plates which are now being substituted for 
lithographic stone have their surfaces depolished by the sand-blast. 
As illustrative of the remarkable rapidity with which the sand-blast 
accomplishes its work, the following facts, regarding the cutting of 
inscriptions on the head-stones designed to mark the graves of soldiers 
buried in the national cemeteries, may be cited. The contractor hav- 
ing this work in charge at Rutland, Vermont, has three sand-blast 
machines, of the form indicated in Fig. 8. 

In addition to the one man employed to tend these machines, he 
has a small force of boys, whose duty it is to attach and remove the 
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cast-iron letters which act as stencils. Thus equipped, the contractor 
is able to turn out three hundred head-stones a day, upon each of 
which is a handsomely-cut inscription averaging eighteen raised let- 
ters. It is estimated that, to accomplish a like result by the old pro- 
cess, a force of three hundred men would be needed. Another instance 
of the rapidity with which these little sand-engines do their work is 
shown in the engraving of glass globes, tumblers, etc., which can he 
done at the astounding rate of one a minute. 


Fie. 8.—TILGHMAn’s SAND-BLAST STONE-MACHINE. 
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Extended space might be devoted to a mere recital of the actual 
present accomplishments of the sand-blast, and, were we to enter the 
field of speculation as to its possibilities, the range of its adaptation 
would tax the reader’s credulity. We will therefore be content to 
refer to the following extract from the report of the judges at the 
fortieth exhibition of the American Institute, which, in awarding the 
inventor the great medal of honor, describes and commends his inven- 
tion as follows: 


“The process is designed to execute ornaments, inscriptions in intaglio, or 
relief, or complete perforations, in any kind of stone, glass, or other hard and 
brittle substance ; or to cut deep grooves in natural rocks, in order to facilitate 
the process of quarrying; or to make circular incisions around the central mass 
of rock in the process of tunneling; or to remove slag, scale, and sand, from the 
surfaces of metal castings; or to clear the interior surfaces of boilers or boiler tubes 
of incrustations ; or to cut ornaments or types from wood as well as from stone ; 
or to depolish the surface of glass, producing by the aid of stencils or other par- 
tial protections, as the bichromatized gelatine of photographic negatives, every 
variety of beautiful figures, including copies of the finest lines, and the most 
delicate line engravings; or to prepare copper-plates in relief for printing, by 
making gelatine photographic pictures upon smooth surfaces of resin and pitch, 
cutting them out by the blast, and afterward moulding from them, and electro- 
typing the moulds. 
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“This process is without precedent. The use of sand in sawing marble, or 
in grinding glass by common methods, hardly furnishes an analogy.” 


Here follows a description of the device, concluding with the state- 
ment that “it is regarded by the judges as being one of the most re- 
markable and valuable inventions which the age has produced.” 

When it is announced that the judges who thus emphatically in- 
dorsed the claims of the sand-blast were Profs. Barnard, Mayer, and 
Morton, our readers will demand of the writer no apology for or quali- 
lication of his expressed opinion that the “ Tilghman sand-blast is an 
invention which, in simplicity of construction and extent of application, * 
has hardly an equal in the annals of American patents.” 


INSTINCT AND ACQUISITION.’ 


Br D. A. SPALDING. 


S° great was the influence of that school of psychology which main- 
tained that we and all other animals had to acquire in the course 
of our individual lives all the knowledge and skill necessary for our 
preservation, that many of the very greatest authorities in science 
refused to believe in those instinctive performances of young animals 
about which the less learned multitude have never had any doubt. 
For example, Helmholtz, than whom there is not, perhaps, any higher 
scientific authority, says: “The young chicken very soon pecks at 
grains of corn, but it pecked while it was still in the shell, and when it 
hears the hen peck, it pecks again, at first seemingly at random. Then, 
when it has by chance hit upon a grain, it may, no doubt, learn to 
notice the field of vision which is at the moment presented to it.” 

At the meeting of this Association in 1872, I gave a pretty full ac- 
count of th ‘ehavior of the chicken after its escape from the shell. 
The facts observed were conclusive against the individual-experience 
psychology. And they have, as far as I am aware, been received by 
scientific men without question. I would now add that not only does 
the chick not require to learn to peck at, to seize, and to swallow 
small specks of food, but that it is not a fact, as asserted, and generally 
supposed, that it pecks while still in the shell. The actual mode of 
self-delivery is just the reverse of pecking. Instead of striking forward 
and downward (a movement impossible on the part of a bird packed 
in a shell with its head under its wing), it breaks its way out by vigor- 
ously jerking its head upward, while it turns round within the shell, 
which is cut in two—chipped right round in a perfect circle some dis- 


tance from the great end. 


1 Read at the Bristol meeting of the British Association. 5 
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Though the instincts of animals appear and disappear in such sea- 
sonable correspondence with their own wants and the wants of their 
offspring as to be a standing subject of wonder, they have by no 
means the fixed and unalterable character by which some would dis- 
tinguish them from the higher faculties of the human race. They vary 
in the individuals as doves their physical structure. Animals can learn 
what they did not know by instinct and forget the instinctive knowl- 
edge which they never learned, while their instincts will often ac- 
commodate themselves to considerable changes in the order of exter- 
nal events, Everybody knows it to be a common practice to hatch 
ducks’-eggs under the common hen, though in such cases the hen has 
to sit a week longer than on her own eggs. I tried an experiment to 
ascertain how far the time of sitting could be interfered with in the 
opposite direction. Two hens became broody on the same day, and 1 
set them on dummies, On the third day I put two chicks a day old 
to one of the hens. She pecked at them once or twice; seemed rather 
fidgety, then took to them, called them to her and entered on all the 
cares of a mother. The other hen was similarly tried, but with a 
very different result. She pecked at the chickens viciously, and both 
that day and the next stubbornly refused to have any thing to do with: 
them. 
The pig is an animal that has its wits about it quite as soon after 
birth as the chicken. I therefore selected it as a subject of observa- 
tion. The following are some of my observations: That vigorous: 
young pigs get up and search for the teat at once, or within one min- 
ute after their entrance into the world. That if removed several feet 
from their mother, when aged only a few minutes, they soon find their 
way back to her, guided apparently by the grunting she makes in an- 
swer to their squeaking. In the case I observed the old sow rose in less 
than an hour and a half after pigging, and went out to eat; the pigs 
ran about, tried to eat various matters, followed their mother out, and 
sucked while she stood eating. One pig I put in a bag the moment it 
was born and kept it in the dark until it was seven hours old, when I 
placed it outside the sty, a distance of ten feet from where the sow 
lay concealed inside the house. The pig soon recognized the low 
grunting of its mother, went along outside the sty struggling to get 
under or over the lower bar. At the end of five minutes it succeeded 
in forcing itself through under the bar at one of the few places where 
that was possible. No sooner in than it went without a pause into the 
pig-house to its mother, and was at once like the others in its behavior. 
Two little pigs I blindfolded at their birth. One of them I placed 
with its mother at once: it soon found the teat and began to suck. | 
Six hours later I placed the other a little distance from the sow; it 
reached her in half a minute, after going about rather vaguely; in 
half a minute more it found the teat. Next day I found that one of 
the two left with the mother, blindfolded, had got the blinders off; the 
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other was quite blind, walked about freely, knocking against things, 
In the afternoon I uncovered its eyes, and it went round and round as 
if it had had sight, and had suddenly lost it. In ten minutes it was 
scarcely distinguishable from one that had had sight all along. When 
placed on a chair it knew the height to require considering, went 
down on its knees and leaped down. When its eyes had been un- 
veiled twenty minutes I placed it and another twenty feet from the 
sty. The two reached the mother in five minutes and at the same 
moment. 

Different kinds of creatures, then, bring with them a good deal of 
cleverness, and a very useful acquaintance with the established order 
of Nature. At the same time all of them later in their lives do a great 
many things of which they are quite incapable at birth. That these 
are all matters of pure acquisition appears to me an unwarranted 
assumption. The human infant cannot masticate; it can move its 
limbs, but cannot walk, or direct its hands so as to grasp an object 
held up before it. The kitten just born cannot catch mice. The 
newly-hatched swallow or tomtit can neither walk, nor fly, nor feed 
itself. They are as helpless as the human infant. Is it as the result 
of painful learning that the child subsequently seizes an apple and 
eats it? that the cat lies in wait for the mouse? that the bird finds its 
proper food and wings its way through the air? We think not. With 
the development of the physical parts, comes, according to our view, 
the power to use them, in the ways that have preserved the race 
through past ages. This is in harmony with all we know. Not so 
the contrary view. So old is the feud between the cat and the dog, 
that the kitten knows its enemy even before it is able to see him, and 
when its feur can in no way serve it. One day last month, after fon- 
dling my dog, I put my hand into a basket containing four blind kit- 
tens, three days old. The smell my hand had carried with it set them 
puffing and spitting in a most comical fashion. 

That the later developments to which I have referred are not ac- 
quisitions can be in some instances demonstrated. Birds do not learn 
to fly. Two years agoI shut up five unfledged swallows in a small 
box not much larger than the nest from which they were taken. The 
little box, which had a wire front, was hung on the wall near the nest, 
and the young swallows were fed by their parents through the wires. 
In this confinement, where they could not even extend thcir wings, 
they were kept until after they were fully fledged. Lord and Lady 
Amberley liberated the birds and communicated their observations to 
me, I being in another part of the country at the time. On going to 
set the prisoners free, one was found dead—they were all alive on the 
previous Gay. The remaining four were allowed to escape one at @ 
time. Two of these were perceptibly wavering and unsteady in their 
fight. One of them, after a flight of about ninety yards, disappeared 
among some trees; the other, which flew more steadily, made a sweep- 
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ing circuit in the air, after the manner of its kind, and alighted, or 
attempted to alight, on a branchless stump of a beech; at last it was 
no more seen. No. 3 (which was seen on the wing for about half 
a minute) flew near the ground, first round the Wellingtonia, over to 
the other side of the kitchen-garden, past the bee-house, back to the 
lawn, round again, and into a beech-tree. No. 4 flew well near the 
ground, over a hedge twelve feet high to the kitchen-garden through 
an opening into the beeches, and was last seen close to the ground. 
The swallows never flew against any thing, nor was there, in their 
avoiding objects, any appreciable difference between them and the 
old birds. No. 3 swept round the Wellingtonia, and No, 4 rose over 
the hedge just as we see the old swallows doing every hour of the day. 
I have this summer verified these observations. Of two swallows I 
had similarly confined, one, on being set free, flew a yard or two too 
close to the ground, and rose in the direction of a beech-tree, which it 
gracefully avoided; it was seen for a considerable time sweeping 
round the beeches and performing magnificent evolutions in the air 
high above them. The other, which was observed to beat the air 
with its wings more than usual, was soon lost to sight behind some 
trees. Tifmice, tomtits, and wrens, I have made the subjects of a sim- 
ilar experiment and with similar results. 

Again, every boy who has brought up nestlings with the hand must 
have observed that, while for a time they but hold up their heads and 
open their mouths to be fed, they by-and-by begin quite spontane- 
ously to snap at the food. Here the development may be observed 
as it proceeds. In the case of the swallow I am inclined to think that 
they catch insects in the air perfectly well immediately on leaving the 
nest. 

With regard, now, to man, is there any reason to suppose that, un- 
like all other creatures, his mental constitution has to be in the case 
of each individual built up from the foundation out of the primitive 
elements of consciousness? Reason seems to me to be all the other 
way. The infant is helpless at birth for the same reason that the 
kitten or swallow is helpless—because of its physical immaturity; 
and I know of nothing to justify the contrary opinion, as held by 
some of our distinguished psychologists. Why believe that the spar- 
row can pick up crumbs by instinct, but that man must learn to inter- 
pret his visual sensations and to chew his food? Dr. Carpenter, in his 
“Mental Physiology,” has attempted to answer this argument in the 
only way in which it could be answered. He has produced facts 
which appear to him to prove that “the acquirement of the power of 
visually guiding the muscular movements is experimental in the case 
of the human infant.” More than forty years ago Dr. Carpenter took 
part in an operation performed on a boy three years old for congenital 
cataract. The operation was successful. In a few days both pupils 
were almost clear; but, though the boy “clearly recognized the diree- 
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tion of a candle or other bright object, he was as unable as an infant to 
apprehend its distance; so that, when told to lay hold of a watch, he 
groped at it just as a young child lying in its cradle.” He gradually 
began to use his eyes; first in places with which he was not familiar, 
but it was several months before he trusted to them for guidance as 
other children of his age would do. No one will doubt the accuracy 
of any of these statements; but I cannot agree with Dr. Carpenter 
that he had in the case of the boy any thing “exactly parallel” to my 
experiment of hooding chickens at birth and giving them their sight 
at the end of one or two days. This boy was couched when three 
years old. Probably sight would have been at first rather puzzling 
to my chickens, had they not received it until they were six months 
old. Dr. Carpenter seems to have forgotten for the moment that in- 
stincts as well as acquisitions decay through desuetude, and that this 
is especially true when the faculties in question have never once beeu 
started into action and are of the kind which develop through exer- 
cise. Another and vital difference between Dr, Carpenter’s experi- 
ments and mine is this, that, when at the end of two days I gave my 
chickens sight, I did not do so by poking out or lacerating the crystal- 
line lenses of their eyes with a needle. ' 

The presumption, then, that the progress of the infant is but the 
unfolding of inherited powers remains as strong as ever. With wings 
there comes to the bird the power to use them; and why should we 
believe that, because the human infant is born without teeth, it should, 
when they do make their appearance, have to discover their use by a 
series of happy accidents ? 

One ‘word as to the origin of instincts. In common with other 
evolutionists, I have argued that instinct in the present generation 
may be regarded as the product of the accumulated experiences of 
past generations. More peculiar to myself, and giving special mean- 
ing to the word experience, is the view that the question of the origiu 
of the most mysterious instinct is not more difficult than, or different 
from, but is the same with the problem of the origin of the physical 
structures of the creatures. For, however they may have come by 
their bodily organization, it, in my opinion, carries with it a corre- 
sponding mental nature. 

In opposition to this view, it has been urged that we have only to 
consider almost any well-marked instinct to see that it could never 
have been a product of evolution. We, it is said most frequently, can- 
not conceive the experiences that might by inheritance have become. 
the instincts; and we can see very clearly that many instincts are so 
essential to the preservation of the creatures that without them they 
could never have lived to acquire them. The answer is easy, Grant- 
ing our utter inability to go back in imagination through the infinite 
multitude of forms, with their diversified mental characteristics, that 
stand between the greyhound and the speck of living jelly to which, 
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according to the theory of evolution, it is related by an unbroken line 
of descent—granting that we are, if possible, still less able to picture 
in imagination the process of change from any one form to another— 
what then? Not surely that the theory of evolution is false! For 
the same argument will prove that no man present can possibly be 
the son of his father. Our ignorance is very great, but it is nota 
very great argument. 

The other objection, that the creatures could never have lived to 
acquire their more important instincts, rests on a careless misunder- 
standing of the theory of evolution. It assumes in the drollest possi- 
ble way that evolutionists must believe that in the course of the evo- 
lution of the existing races there must have from time to time ap- 
peared whole generations of creatures that could not start on life from 
the want of instincts that they had not got. There can be no need to 
say more than that these unfortunate creatures are assumed to have 
been singularly unlike their parents. The answer is, that it is not the 
doctrine of evolution that the bodies are evolved first by one set of 
causes and the minds are put in afterward by another. This notion is 
but the still lingering shadow of the individual-experience psychology. 
As evolutionists, whether we take the more common view and regard 
the actions of animals as prompted by their feelings and guided by 
their thoughts, or believe, as I do, that animals and men are conscious 
automata, in either case we are under no necessity of assuming, in ex- 
planation of the origin of the most mysterious instincts, any thing 
beyond the operation of those laws that we see operating around us, 
but concerning which we have yet to learn more, perhaps, than we 
have learned.— Nature. 





PRINCE RUPERT’S DROPS. 
By WILLIAM LEIGHTON, Jr., 8. B. 


Wo: from fluidity glass is cooled to a solid structure in the 
ordinary temperature of the atmosphere, it is found to be very 
brittle or liable to fracture. 

If the glass is so shaped as to be of unequal thickness in its differ- 
ent parts, it can seldom be cooled without fracture, and, if unbroken 
when cool, is liable to fracture with any subsequent change of temper- 
ature or by a sudden jar. Often this fracture takes place, in articles 
of considerable thickness, with an explosive force, perhaps breaking 
the glass into a thousand pieces. When glass breaks in this manner, - 
it is said to “ fly.” 

In order to prevent such liability to “ fly,” glass-ware is annealed. 

The process of annealing glass consists in reducing its temperature 
more slowly than would occur in the air at ordinary temperatures. 
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An oven is so constructed that the heat of the glass is maintained 
by a current of heated air in which articles to be annealed are placed, 
and mechanism so contrived as very slowly to draw away the ware 
into currents of lower temperature. Or the ware is annealed in kilns, 
which are closed and scaled at a temperature a little less than that at 
which glass becomes plastic, and heated air being thus confined the 
kilns are many hours, often many days, in cooling. The more carefully 
and slowly glass is annealed, the less liable it is to “ fly.” 

By cooling glass more rapidly than could occur in ordinary atmos- 
pheric temperatures, that is, by a process the reverse of annealing, 
Prince Rupert’s drops are made. 

The ordinary way to make these scientific curiosities is to drop a 
small quantity, usually less than half an ounce, of perfectly fluid glass 
into water. In falling, the glass will assume the form of a tear, with 
an elongated end extending into a thread. 

Rupert drops are clear, bright, and hard, and may be struck with 
much violence upon the larger end without fracture, but if the thin, 
though tough and very elastic thread of the other extremity be broken 
off, the whole drop will explode into numberless fragments, much finer 
than the sand of which the glass was originally composed. 

Why does this happen? and why must glass-ware be annealed in 
order to be serviceable? There is evidently such similarity of phe- 
nomena occurring in the drops and in unannealed glass that a satisfac- 
tory theory for the one ought to lead to the explanation of the other, 

In an article on “ Tempered Glass” contributed by Perry F. Nur- 
sey, C. E., to the Popular Science Review, and published in the Sep- 
tember number of Tur Porvutar Scrence Montu y, the following the- 
ory of the Prince Rupert’s drops is given: “ Glass and water, and—as 
far as present knowledge goes—no other substances besides, expand 
while passing from the fluid into the solid condition. The theory of the 
Rupert drops is, that the glass being cooled suddenly, by being dropped 
into cold water, expansion is checked by reason of a hard skin being 
formed on the outer surface, This exterior coating prevents the in- 
terior atoms from expanding and arranging themselves in such a way 
as to give the glass a fibrous nature, as they would if the glass were 
allowed to cool very gradually. An examination of the Rupert’s drop 
shows the inner substance to be fissured and divided into a number of 
small particles, They exist in fact in a state of compression, with but 
little mutual cohesion, and are only held together by the external 
skin. So long as the skin remains intact, the tendency of the inner 
particles to expand and fill their proper space is checked and resisted 
by the superior compressive strain of the skin. Nor is the balance of 
the opposing forces disturbed by blows on the thick end of the drop, 
which vibrates as a whole, the vibrations not being transmitted from 
the exterior to the interior. But, by breaking off the tail of the drop, 
a vibratory movement is communicated along the crystalline surface, 
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admitting of internal expansion, by which the cohesion of the particles 
composing the external skin is overcome, and the glass is at once re- 
duced to fragments.” 

In the “ American Cyclopedia ” (revised edition), under the word 
“annealing,” are found the following enplanations: “ When this” 
(glass) “is melted and shaped into articles which are allowed to cool 
in the air, the glass becomes too brittle for any use. The exterior 
cools first and forms a contracted crust, which shelters the interior 
particles ; so that these continue longer in a semi-fluid state, and are 
prevented from expanding, as glass does in cooling, and uniting with 
the rest to form an homogeneous mass. The inner parts are thus con- 
stantly tending to expand. If, on the contrary, the glass is placed 
in a hot oven, and this is allowed to cool very slowly, the particles of 
glass appear to assume a condition of perfect equilibrium of cohesive 
force without tension, so that the mass becomes tough and elastic.” 
And, again, in the same article: “ Dr. Ure explains this phenomenon ” 
(the explosive breaking of Prince Rupert’s drops) “by referring it to 
the tendency of a crack once formed in the glass to extend its rami- 
fications in different directions throughout the whole mass.” 

In the “Encyclopedia Britannica” (ninth edition), under the 
word “annealing,” is found as follows concerning the phenomena of 
unannealed glass and Prince Rupert’s drops: “The particles of the 
glass have a cohesive polarity which dictates a certain regularity in 
their arrangement, but which requires some time for its development. 
When the vessels are suddenly cooled, the surface-molecules only can 
have had time to dispose themselves duly, while those within are kept 
by this properly-formed skin in a highly-constrained situation; and it 
is only so long as the surface-film keeps sound that this constraint 
can be resisted. In the Rupert’s drops it is plainly visible that the 
interior substance is cracked in every direction, and ready to fly to 
pieces.” 

The practical glass-maker, desirous of thoroughly understanding 
the true theory of annealing glass, that from such a comprehension 
he may endeavor to accomplish more perfection in his process, refers 
to the authorities quoted above, and finds himself bewildered by the 
theories and explanations here given. He notices that the founda- 
tion of the theory of the Rupert drop, and of the process of annealing, 
in the article of Tur Porutar Scrence Monruacy, and in the “ Ameri- 
can Cyclopedia,” is based upon the assertion that in passing from a 
fluid to a solid condition glass expands. Although well aware that 
certain substances, as water,’ bismuth,’ gray cast-iron,’ and antimony,* 
expand while solidifying, yet he is constantly reminded, by phenomena. 
occurring in the glass-house every moment under his eye, that the 
reverse of this takes place in the substance of glass. 


* Ganot’s “ Physics,” edition of 1873, p. 261. 2 Miller's “ Chemistry,” vol. ii., p. 604. 
* Bauerman’s “ Metallurgy of Iron,” p. 233. * Miller’s “ Chemistry,” vol. ii., p. 595. 
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Upon the supposition that glass contracts in cooling, he bases the 
construction and working of his moulds, in which glass-ware is 
pressed, and the success of their operation assures him that he is 
working upon a safe conclusion. 

For further assurance, he replaces an article of glass-ware, when 
cold, in the mould in which it was originally pressed, and finds that it 
easily returns to its place, and fails to fill the mould. With his cali- 
pers he measures carefully the glass and the mould, and finds the 
shrinkage has been about one-fiftieth of the original bulk. 

He remembers that he has on his book-shelf a work’ by Apsley 
Pellatt, in which that careful and accurate observer states as follows: 
“ A piece of unannealed barometer-tube, forty inches long, measured 
when just drawn, will become about one-fourth of an inch shorter if 
annealed; whereas, if quickly cooled without annealing, it will only 
contract about one-eighth of an inch.” It must be borne in mind 
that the barometer-tube, when just drawn, at the time when it is first 
measured, has already considerably cooled from a fluid state of the 
glass, and has effected a part of its shrinkage, although not yet solid 
or rigid in its structure. 

As the gray cast-iron before mentioned is said to expand at the 
moment of solidifying, but afterward to contract with further cooling, 
he experiments with the view to ascertain if an analogous action 
takes place in glass. He tests the cooling of a crucible full of this 
molten material, to note if at any time in the cooling process an ex- 
pansion of its substance takes place. Even from the first moment, 
when the crucible is taken from the extreme heat of the furnace, he 
finds that the surface of the vitreous mass takes a concave form, this 
concavity becoming more considerable as the cooling process goes on. 

If there were expansion at the moment of solidifying, the mass 
would then bulge upward, that is, the concave line of the surface 
would be disturbed. But, as the concavity of this surface constantly 
and uninterruptedly increases until the mass becomes cold, he finds 
renewed proof of the shrinkage of solidifying glass. 

His ordinary observation thus confirmed by careful tests and by 
other authority, he feels that there is no possibility for him to be in 
error in regard to this contraction of glass, which he sees constantly 
going on. 

When he reads, in the article of Taz Porvutar Science Montu- 
LY, that the exterior coating produced by the immediate chill of the 
surface of the glass “ prevents the interior atoms from expanding 
and arranging themselves in such a way as to give the glass a fibrous 
nature, as they would if the glass were allowed to cool very gradu- 
ally,” he tries to remember an instance, where, in some very perfectly- 
annealed glass, there has been an indication of such fibrous nature, 
but finds himself unable, in his own experience, or in that of his 


1“ Curiosities of Glass-making,” by Apsley Pellatt, London, 1849, p. 63. 
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workmen, to recall such structure in any case. He finds the substance 
of glass always presenting the same vitreous, amorphous appearance, 
except in cases of devitrification, and, in the absence of any proof of 
such condition, cannot bring himself to believe in glass of a fibrous 
structure. 

He finds in “a cohesive polarity, which dictates to the particles 
of glass a certain regularity in their arrangement, but which requires 
some time for its development,” as laid down in the “ Brittanica,” a 
theory wliich is far from satisfying or giving him any useful aid, and 
he requires some proof (which he cannot find) of such “ polarity ” be- 
fore absolutely adopting this theory. 

He looks in vain for the fissured character of the interior sub- 
stance of the ‘<spert drop, mentioned in the article of Toz PopuLar 
Science Monracy, and in the “ Encyclopedia Britannica,” but find- 
ing, even under the microscope, that the substance of the interior, as 
well as. the exterior, of the drop is apparently solid and undisturbed, 
gives up his attempt to understand the authorities, and even Dr. 
Ure’s explanation in the “ American Cyclopedia,” of the Rupert-drop 
phenomena, fails to satisfy him. 

He now feels that, to pursue this subject further, he must put to- 
gether the facts in his possession, and ascertain if their combination 
will not suggest a more satisfactory theory than those laid down in 
the books. 

He begins, of course, upon the foundation which his twenty years’ 
experience in the glass-house has strongly impressed on him, viz., the 
fact that in passing from a fluid to a solid state glass shrinks, 

His next fact is that glass is a poor conductor of heat, as he 
has often noticed in the manipulation of heated glass, during its pro- 
cess of manufacture, that in the same piece of glass, and close to- 
gether, are portions, the one solid and the other fluid. 

To these facts he puts the third fact, that the surface of fluid or 
semi-fluid glass chills very quickly upon exposure to the air, and very 
quickly becomes solid. 

Here are all the facts necessary by which to construct a theory 
for the explanation of the phenomena of fracture in unannealed glass 
and in the Rupert drops. 

Watching a thick mass of glass cool, he notes the color: by an 
oblique look, he perceives that the surface has a green tint; while 
through this transparent tinted medium a direct look shows the cen- 
tre still of a glowing red color. He knows by experience that the 
green tint in cooling crystal glass indicates solidification, while the 
red glow tells that such glass is yet soft. But, not depending upon his 
experience of color, he tests the surface with an iron tool and finds it 
absolutely rigid; then with a hammer breaks this rigid surface, and 
finds, as its color indicates, the centre still semi-fluid. 

Here is proved the condition of an outer skin or shell of rigid 
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glass, and an interior substance, still soft, plastic, and constantly 
strained by a tendency to contract, to occupy smaller boundaries ; 
but those boundaries cannot be moved without breaking. It is a 
struggle of forces. If the thickness of the glass be considerable, the 
constantly-increasing strain of contraction pulls so hard upon the 
shell, that the force of cohesion is unable to withstand it, and the shell, 
yielding with a shock, shivers the whole substance into fragments. 

In the process of annealing, the heat of the-oven keeps the sur- 
faces of the glass articles from absolutely becoming rigid, so that 
they yield sufficiently to the strain of the contracting interior por- 
tions; and if the whole substance of each article cools exactly to- 
gether, the exterior and interior all the time at the same temperature, 
there is no strain and the ware is perfectly annealed, 

As it is practically impossible to accomplish a perfect equality of 
temperature, a perfect equilibrium of the molecules cannot be ob- 
tained; but so near an approach to it is accomplished in a well-con- 
structed annealing oven, that the cohesion of the glass is easily able 
to withstand the trifling strain. 

In this view the action of cooling glass is simple and easily under- 
stood, surely more simple than to imagine a tendency toward a fibrous 
constitution of substance, or the imperious “ cohesive polarity ” of 
the “ Britannica ” article. 

Test this theory upon the Rupert-drop phenomenon, and its expla- 
nation will answer as well. 

A small amount of fluid glass, when dropped into water, will im- 
mediately, by the action of its heat, envelop itself in a garment of ' 
steam, which protects its surface from contact with the water, until 
that surface is so cooled that such contact fails to crack it. To test 
this assumption, try the experiment with partially cooled or soft glass, 
and the result will be that ai/ the drops will break in the water, on 
account of cracked surfaces. With fluid glass, many drops will be 
lost, not from the same cause, if the drops be not too large, but trom 
excessive contraction ; perhaps, out of a dozen only one or two will 
be saved. 

The steam chills the surface of the glass much more rapidly than 
the air does, consequently the inter and fluid glass in the Rupert 
drop is inclosed in larger boundaries than if the drop had cooled in 
the air. Hence contractive force is very strongly exerted to draw in 
such excessive boundaries, but the curved form of the drop presents 
arches of strength to aid the power of cohesion and resist destruction. 

One drop bursts in the water, another does the same, but perhaps 
the third is drawn forth entire, though curled and twisted, as if in the 
agony of its strain. Two of Nature’s forces struggle fiercely for the 
mastery in this little drop, that gives no indication of the contest as 
it lies quietly before us. But break off the thread, and down goes the 
first of the little arches, that are holding up the surface against con- 
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traction. One arch, falling, brings down another, and, once started, 
they go in such rapid succession that the ear detects but one sound, 
one explosive burst, in which the imp of contraction exults in the ruin 
he has wrought. 

The peculiarities of the Rupert drops are toughness, elasticity, and 
the property of breaking into small fragments when any fracture, 
however slight, is made; their strength to resist such fracture is, how- 
ever, greater than that of annealed or unannealed glass. 

When we consider that these same peculiarities are the character- 
istics of the so-called “ toughened glass” of M. de la Bastie, and that 
the method of treating his “ toughened ” glass, in the cooling process, 
is at least analogous to that of the Rupert drops, we are forced to be- 
lieve in a certain relationship between them, 

The Rupert drop falls into a water-bath; M. de la Bastie’s glass 
into an oleaginous bath, the exact composition of which has not been 
made public. 

M. de la Bastie’s glass is not malleable, is not unbreakable, but 
simply tougher, harder to break than the ordinary annealed glass; so 
also is the Rupert drop. 

As the characteristic distinction between annealed glass and the 
Rupert drop is the excessive strain upon the molecules of the latter— 
contraction versus cohesion—it is fairy to infer that the superior 
strength, toughness, and elasticity, of ‘op are due to such strain, 
As it is harder to displace the key °.. of a loaded arch than of 
an unloaded one, the simile may hold good in this case, and the 
strain of contraction upon the molecules of the glass of a Rupert’s 
drop may help resist any outside force tending to disturb cohesion. 
If an outside force could be so exerted as to act exactly in the same 
direction as the power of contraction acts, undoubtedly such force 
would be aided by contraction to destroy cohesion; but, acting in 
any other direction, contraction would aid cohesion to resist it. As 
the molecules of glass are exceedingly small, and as, in the cooling 
process, they one after another individually become rigid, the lines of 
their contractive strain become so complicated that it is very unlikely 
any outside force can be exerted in such direction as to unite its im- 
pulse with theirs against cohesion. 

As the toughened glass of M. de la Bastie flies into many pieces 
when fracture is effected, in a manner analogous to the breaking of 
the Rupert drop, it is probable, at least, considering the process of 
the oil-bath, that such flying into fragments is due to a strain of con- 
traction exerted by the molecules of its substance. And if such a 
strain exists, as the flying seems to prove, it is also reasonable to sup- 
pose that, exactly as in the case of the Rupert drop, this strain of 
contraction among the molecules of its mass produces the superior 
toughness, strength, and elasticity, which are claimed for this newly- 
invented glass. 

VOL. Vill.—21 ’ 
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THE OWNERSHIP OF THE DEAD.’ 
By SAMUEL B. RUGGLES, LL. D. 


N resorting to England for light on this subject, we encounter a 
body of law grown up under circumstances differing widely from 

our own. The jurisprudence of that country is peculiarly compound- 
ed, embracing largely the ecclesiastical element, from which ours is 
exempt; and it has given birth to anomalies which we are hardly 
required to adopt. This is strikingly manifest in the matter of the 
dead, in which the partition of juridical authority between the Church 
and the state, forming one composite system, has materially narrowed 
the powers and the action of the courts of common law. It is believed . 
that an attentive examination of the history of this division of judicial 
power will show that it is wholly peculiar to England, and that the 
decisions and dicta of their courts and legal writers on this subject 
ought not to exert any controlling influence over our legal tribunals, 
In surveying the various changes in the organization and powers 

of the British courts of justice, produced successively by the Roman, 
Saxon, and Norman conquests, it is difficult to fix with precision the 
period when the judicial authority began to be divided between the 
state and the Church. Christianity had made some progress in Brit- 
ain while yet remaining under the Roman power, but does not ap- 
pear to have mingled itself materially with the governmental admin- 
istration. The Saxon conquerors, who succeeded the Roman in the 
fifth century, brought in paganism for about one hundred and fifty 
years ; but it was extirpated about the close of the sixth century by 
the vigor of St. Augustin, under the pontificate of Gregory the Great. 
It is quite apparent that the clear-sighted incumbents of the Holy 
See by that time had perceived in the burial of the dead a very im- 
portant and desirable element of spiritual dominion. It was the 
sagacity, not less than the piety, of that distinguished pontiff, which 
led him to introduce the custom of burial in churches, to the end, as 
he declared, that the relatives and friends of the dead might be in- 
duced more frequently to pray for their repose. Occasional inter- 
ments in places of worship, or their immediate vicinity, had indeed 
been made by the early Christians, as far back as the reign of Con 
stantine; but. it was not until after the pontificate of Gregory, and 
the rapid increase by his successors of the temporal power of the 
Church, that burial-grounds were generally attached to places of wor 
ship, and.subjected by formal consecration to ecclesiastical authority, 


1 Extract from a report on the “ Law of Burial,” made to the Supreme Court of the 
State of New York in 1856, by Hon. Samuel B. Ruggles, referee, in respect to compens® 
tion to owners of vaults in cemeteries, and to relatives of individuals buried in graves 
disturbed by legal proceedings. Reprinted in Providence, R. I., 1872. 46 pages 
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The judicial history of the Romish Church in England, from the 
sixth century to the thirteenth, exhibits its earnest efforts and its steady 
and all but uninterrupted progress, not only in strengthening its proper 
spiritual power, but in obtaining the exclusive temporal, judicial cog- 
nizance of all matters touching the ecclesiastical edifices and their 
appendages, and especially their places of burial. During that pe- 
riod, the office of sepulture, originally only a secular duty, came to be 
regarded as a spiritual function—so much so, that the secular courts, 
in the cases as early as the 20th and 21st Edward L., cited in 2 Inst., 
363, in determining whether or not a building was a church, inquired 
only whether it had sacraments and sepulture. 

It is generally stated that burial in church-yards was introduced 
into England by Cuthbert, Archbishop of Canterbury, in the year 
750. The form of their consecration is even yet preserved, in some 
of its essential features, by the Established Church. The invocation, 
as given by Burn, in his “ Ecclesiastical Law,” vol. i., p. 334, after de- 
claring that the duty has been taught by God, “ through his holy ser- 
vants, in all ages, to assign places where the bodies of the saints.may 
rest in peace and be preserved from all indignities,” asks the divine 
acceptance “of the charitable work, in separating the portion of 
ground to that good purpose,” 

The sagacious policy of the Romish ecclesiastics, in attaching the 
place of interment to the church, was duly strengthened by the strin- 
gent provision of the canon law, which prohibited heretics from 
Christian burial. To repose in any but consecrated earth soon came 
to be ignominious; and thus the church-yard became a vital portion 
of the material machinery for enforcing spiritual obedience and theo- 
logical conformity. Nor was the power neglected. It governed 
Europe for several hundred years, and it was but shortly before the 
Protestant Reformation in England that one Tracy, being publicly 
accused in convocation of having expressed heretical sentiments in 
his will, and being found guilty, a commission was issued to dig 
up his body, which was done accordingly.—(1 Burn, “Eccl. Law,” 


p. 266.) 


During the early portion of the Anglo-Saxon period, the power 
of the clergy over the dead was kept in check by uniting the lay 
with the clerical order in the ecclesiastical tribunals; but their juris- 
dictions were separated soon after the Norman conquest, and the 
effect upon the dead is plainly discernible. The exclusive power of 
the ecclesiastics, denominated in legal phrase “ ecclesiastical cogni- 
zance,” became not only executive, but judicial. It was executive, 
in taking the body into their actual, corporeal possession, and practi-_ 
cally guarding its repose in. their consecrated grounds; and it was 
judicial, as well in deciding all controversies involving the possession — 
or the use of holy places, or the pecuniary emoluments which they 
yielded, as in a broader field, in adjudicating who should be allowed 
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to lie in consecrated earth, and, in fact, who should be allowed to be 
interred at ail, 

The deplorable superstition that could induce people to intrust 
such a power to any but its civil government and civil courts is 
amazing, and yet we find the sturdy English nation, under the gov- 
ernment of William of Normandy, stripping their cherished Anglo- 
Saxon courts of all power to protect the dead, and yielding them 
up blindfold to priestly cognizance. As Sir William Blackstone well 
says, it was a “ fatal encroachment” on the ancient liberties of Eng- 
land. Eight centuries have not sufficed to repair the mischief. An- 
selm and Becket, in modern garb, live even yet. 

The deep-seated, fundamental idea of human burial lies in the 
mingling our remains with the mother earth. The “dust to dust! 
earth to earth! ashes to ashes!” of the Church—echoing, in deeper 
solemnity, the “ ter pulvere” of Horace, and hallowing the dying wish 
of Cyrus—finds a universal response in the holiest instincts of man in 
every age. Here, then, was the tender spot for subtle power to touch. 
Logically pursuing this idea, the ecclesiastical process of excommuni- 
cation prohibited burial in the earth at all, whether consecrated or 
not. The precise words of the formula, as used in the tenth century, 
gave over the body of the contumacious offender for food to the fowls 
of the air and beasts of the field: “Sint cadavera eorum, in escam 
volatilibus celi, et bestiis terre.” In some instances the sentence 
was more definite and specific, confining the corpse to the hollow 
trunk of a tree, “im concavo trunco repositum.” The essence of the 
idea being to keep the body out of the earth and on the surface, it 
was sometimes figuratively expressed, in monkish rhetoric, by “the 
burial of an ass,” or by a stronger and more characteristic image, 
as “a dunghill: ” “Sepultura asiné sepeliantur, et in sterguilinium 
super faciem térre sint.” The afflicted but sinful laity, to hide the 
horror of the spectacle, were wont, at times, to cover the festering 
dead with a pile of stones, thereby rearing a tumulus, or “ bloc ;” so 
that the process came to be commonly known, in medieval Latin, as 
“ imblocare corpus.” —(Du Cange, Glossary, “ Imblocare.”) 

The same dominant idea of the unfitness of spiritual offenders to 
pollute the earth can be distinctly traced through the judicial eccle- 
siastical condemnations for several centuries. John Huss and Jerome 
of Prague being at the stake for heresy, early in the fifteenth century, 
under the ecclesiastical order of the Council of Constance, their ashes 
were not allowed to mingle with the earth, but were cast into the 
Rhine. 

The legal process of scattering the ashes of the heretic was evi- 
dently a very significant and cherished feature in the ecclesiastical 
code of procedure, and it was executed in the different portions of 
Christendom with all attainable uniformity and precision. Within its 
‘comprehensive range it embraced not only the ashes of the heretic 

















be 


ist 


V- 
lo- 
mm 
ell 
ge 


.n- 


vis 


ice 
ow 
she 
it 


Be, 


hes 
the 





THE OWNERSHIP OF THE DEAD. 325 


freshly burnt, but the mouldering remains of any who had been suf- 
fered, through mistake or inadvertency, to slip into their graves. 
Wycliffe, the first English translator of the Scriptures, had ventured, 
in life, to question certain points of-dogmatic theology, but, dying in 
his bed, in the year 1384, had been allowed to sleep for forty-one years 
in a church-yard in Leicestershire. The assembled dignitaries in the 
Council of Constance, after duly disposing of the ashes of Huss and 
Jerome, judicially declared the heresy of Wycliffe, and his bones 
were accordingly dug up and burnt, and the ashes thrown into the 
river Avon, in the due exercise of the executive branch of ecclesiasti- 
cal cognizance, in the year 1425 of the Christian era, 

Nor was the ecclesiastical cognizance of the dead confined to 
delinquents of low degree, or in the plainer walks of life. The Em- 
peror of Germany, Henry IV., the victor of more than sixty battles, 
dying under papal excommunication by Hildebrand, the seventh 
Gregory, was compelled to lie for five years unburied, in the very 
sight of the majestic cathedral of Spires, which his father had com- 
menced, and he had completed. 

But the high and transcendent energy of ecclesiastical cognizance 
was completely developed in England in the thirteenth century, when 
it reached its culminating point, with the whole kingdom as the de- 
fendant. From the year 1207 to the year 1213, the interdict of In- 
nocent III. kept out of their lawful graves all the dead, from the 
Channel to the Tweed. No funeral-bell in the kingdom was permitted 
to toll; the corpses were thrown into ditches, without prayer or hal- 
lowed observance, and the last drop of priestly malice and vengeance 
was exhausted, in compelling all, who wished to marry, to solemnize 
the ceremony in the church-yard. 

It was during this unbridled career of papal aggrandizement 
through these dark and dismal ages, that the ancient civil courts of 
England gradually lost their original legitimate authority over places 
of interment, as private property, and their proper and necessary con- 
trol over the repose of the dead. The clergy monopolizing the judicial 
power over the subject, burial was committed solely to ecclesiastical 
cognizance, while the secular courts, stripped of all authority over the 
dead, were left to confine themselves to the protection of the monu- 
ment, and other external emblems of grief, erected by the living. But 
these. they guarded with singular solicitude. The tombstone, the 
armorial escutcheons, even the coat and pennons, and ensigns of honor, 
whether attached to the church edifice or elsewhere, were raised as 
“heirlooms” to the dignity of inheritable estates, and descended 
from heir to heir, who could hold even the parson liable for taking 
them down or defacing them. 

The reverent regard of the common law for these memorials is cu- 
riously manifested by Coke in the “ Third Institute,” page 203, where 
he expatiates upon a monumental stone, in his time more than four 
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hundred years old, inscribed with the name of a Jewish rabbi, and 
inlaid in the ancient wall of London—as if to intimate that the law 
would protect from injury that venerable piece of antiquity. 

But at this point the courts of the common law stopped, and held, 
in humble deference to the ecclesiastical tribunals, that the heir could 
maintain no civil action for indecently or even impiously disturbing 
the remains of his buried ancestor, declaring the only remedy to be- 
long to the parson, who, having the freehold of the soil, could main- 
tain trespass against such as should dig or disturb it. The line of 
legal demarkation established in this subject, between the ecclesi- 
astical and the common-law courts, is thus defined by Coke: “If a 
nobleman, knight, esquire, etc., be buried in a church, and have his 
coat-armor and pennons, with his arms, and such other insigns of honor 
as belong to his degree or order, set up in the church, or if @ grave- 
stone be laid or made for memory of him, albeit the freehold of the 
church be in the parson, and that these be annexed to the freehold, 
yet cannot the parson, or any, take or deface them, but he is subject 
to an action to the heire and his heires, in the honor and memory of 
whose ancestor they were set up” (1st Inst., 4,18 5). In the “Third 
Institute,” page 203, he asserts the authority of the Church, as follows: 
“Tt is to be observed,” says he, “that in every sepulchre that hath a 
monument, two things are to be considered, viz.: the monument, and 
the sepulture or buriall of the dead. The duriall of the cadaver, that 
is caro data vermibus” (flesh given to worms), “is nullius in bonis, 
and belongs to ecclesiastical cognizance; but as to the monument, 
action is given, as hath been said, at the common law for the defacing 
thereof.” 

With all proper respect for the legal learning of this celebrated 
judge, we may possibly question both the wisdom and the etymology 
of this verbal conceit, this fantastic and imaginary gift, or outstanding 
grant to the worms. In the English jurisprudence, a corpse was not 
given or granted to the worms, but it was taken and appropriated by 
the Church. In Latin, it was a “cadaver” only because it was some 
thing fallen (4 cadendo), even as the remains of fallen cities, in the 
letter of Sulpicius to Cicero (“ Lit. Fam.,” 7), are denominated “ cada- 
vera oppidorum.” 

The learned lexicographers and philologists Martinius and the 
elder Vossius, both of them contemporaries of Coke, wholly dissent 
from his whimsical derivation. Martinius derives “cadaver” from 
“ cadendo, quia stare non potest,” “Lexicon Philologicum Martinii,” 
1720; while Vossius unequivocally reproves the derivation in ques- 
tion, as an act of pleasant but inflated trifling. “ Suaviter nugantur,” 
says he, “qui cadaver conflatum aiunt, ex tribus vocibus, caro data 
vermibus ” (“ Etymologicon Lingux Latine,” Amsterdam, 1662). And 
yet this inflated Latin trifle, the offspring only of Coke’s characteristic 
and inordinate love of epigram, has come down through the last three 
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hundred years, copied and recopied, and repeated again and again by 
judges and legal writers, until it has imparted its tincture to the laws 
of the dead, throughout every portion of the earth which listens to the 
English tongue. 

But even the dictum itself, if closely examined, will not be found 
to assert that no individual can have any legal interest in a corpse. 
It does not at all assert that the corpse, but only that the “ duriall” is 
“nullius in bonis;” and this assertion was legally true in England 
where it was made, for the peculiar reason above stated, that the tem- 
poral office of burial had been brought within the exclusive, legal 
cognizance of the Church, who could and would enforce all necessary 
rules for the proper sepulture and custody of the body, thus rendering 
any individual action in that respect unnecessary. The power thus 
exercised by the ecclesiastical tribunals was not spiritual in its nature, 
but merely temporal and juridical. It was a legal secular authority, 
which they had gradually abstracted from the ancient civil courts, to 
which it had originally belonged; and that authority, from the very 
necessity of the case, in the State of New York, must now be vested 
in its secular courts of justice. 

The necessity for the exercise of such authority, not only over the 
burial, but over the corpse itself, by some competent legal tribunal, 
will appear at once if we consider the consequences of its abandon- 
ment. If no one has any legal interest in a corpse, no one can legally 
determine the place of its interment, nor exclusively retain its cus- 
tody. A son will have no legal right to retain the remains of his 
father, nor a husband of his wife, one moment after death. A father 
cannot legally protect his daughter’s remains from exposure or insult, 
however indecent or outrageous, nor demand their reburial, if dragged 
from the grave. The dead deprived of the legal guardianship, how- 
ever partial, which the Church so long had thrown around them, and 
left unprotected by the civil courts, will become, in law, nothing but 
public nuisances, and their custody will belong only to the guardians 
of the public health, to remove and destroy the offending matter, 
with all practicable economy and dispatch. The criminal courts may 
punish the body-snatcher who invades the grave, but will be power- 
less to restore its contents. The honored remains of Alexander Ham- 
ilton, reposing in our oldest church-yard, wrapped in the very bosom 
of the community, built up to greatness by his consummate genius, 
will become “ nullius in bonis,” and belong to that community no 
longer. The sacred relics of Mount Vernon may be torn from their 
“ mansion of rest,” and exhibited for hire in our very midst, and no 
civil authority can remand them to the tomb. 

Applied to the case now under examination, the doctrine will 
deny to a daughter, whose filial love had followed her father to the 
grave, and reared a monument to his memory, all right to ask that 
his remains, uprooted by the city authorities and cast into the street, 
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shall again be decently interred. In England, with judicial functions 
divided between the state and the Church, the secular tribunals would 
protect the monument, the winding-sheet, the grave-clothes, even 
down to the ribbon (now extant) which tied the queue ; but the 
Church would guard the skull and bones. Which of these relics best 
deserves the legal protection of the Supreme Court of law and equity 
of the State of New York? Does not every dictate of common- 
sense and common decency demand a common protection, for the 
grave and all its contents and appendages? Is a tribunal like this 
under any legal necessity for measuring its judicial and remedial 
action by the narrow rule and fettered movement of the common law 
of England, crippled by ecclesiastical interference ? May it not put 
forth its larger powers and nobler attributes, as a court of enlightened 
equity and reason ? 

The due protection of the dead engaged the earnest attention of 
the great lawgivers of the polished nations of antiquity. The laws 
of the Greeks carefully guarded the private rights of individuals in 
their places of interment; and a similar spirit shines forth, in the 
clear intelligence and high refinement of the Roman jurisprudence. 
In the “ Digest of the Civil Law,” pl. 47, title 12, we find the benefi- 
cent and salutary provision, which gave a civil remedy, by the “ Se- 
pulchri violati actio,” to every one interested, for any wanton distur- 
bance of a sepulchre, and where “Ulpian, praetor, ait; Cujus dolo 
malo sepulchrum violatum esse dicetur in eum in factum judicium 
dabo ut ei ad quem pertineat, quanti ob eam rem sequum, videbatur 
condamnetur. Si nemo erit ad quem pertineat, sive agere nolet; 
quicunque agere volet, ei centum aureorum, actionem dabo ”—a sep- 
ulchre being comprehensively defined, by another clause, to be, any 
place in which the body or bones of a man were deposited: “ Sepul- 
chrum est, ubi corpus ossave hominas, condita sunt.”—(“ Dig.,” pl. 7, 
§ 2.) 

Nor does the dictum of Coke, now under consideration, assert— 
for historically it would not be true—that no individual right to pro- 
tect the repose of the dead had ever existed, under the common law 
of England. So far from that, we see in the provision above extracted 
from the “Digest,” that the individual right did exist, during the 
greater part of the four hundred years when England, then called 
Britain, formed part of the Roman Empire. In the six centuries of 
Saxon rule which succeeded, as is forcibly observed by Chancellor 
Kent, “the Roman civilization, laws, usages, arts, and manners, must 
have left a deep impression, and have become intermixed and incor- 
porated with Saxon laws and usages, and constituted the body ‘ of the 
ancient English common law.’”—(1 Kent’s “ Commentaries,” p. 547.) 

The provision in question had been introduced into the Roman 
jurisprudence, long before its systematic codification by Justinian, 
It bears on its face the name of Ulpian, the great Roman jurist, who 
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not only lived as early as the second century of the Christian era, but 
actually assisted (as Selden states in his “ Appendix to Fleta ”) in the 
judicial administration of Britain. He was the contemporary, and 
doubtless the personal and professional friend, of the celebrated pre- 
torian-prefect Papinian, himself the most distinguished lawyer of his 
age, and chief administrator, in the year 210, of the Roman govern- 
ment at York. Selden glowingly depicts the judicial illumination of 
that early British age, as flourishing alike under the “ Jus Cxsareum,” 
the imperial law, and its able administration by those two most ac- 
complished and illustrious Romans, “ viri peritissimi, illustrissimique 
¢ Romanis.—(Selden’s “ Appendix to Fleta,” p. 478.) 

Nor is there any reason to believe that the Romanized British, 
when released, in the fifth century, from their political allegiance 
to the empire, abandoned the civilization, or abrogated the laws or 
usages which they had so long enjoyed; still less that they would 
seek or desire, in any way, to withdraw from their sepulchres and 
graves the protection which those laws had so fully secured. There 
is not a shadow of historical evidence that, under the Saxon invaders, 
who succeeded the Roman governors, any less respect was shown for 
the buried dead. On the contrary, it is distinctly shown by the Scan- 
dinavian historians, that these partially civilized Saxons had been 
specially taught to reverence their places of burial by their great 
leader Odin, the father of Scandinavian letters, distinguished for his 
eloquence and persuasive power, and especially commemorated as 
being the first to introduce the custom of erecting gravestones in 
honor of the dead. 

In the dim and flickering light by which we trace the laws of these 
long-buried ages, the fact is significant and instructive that, of the 
several founders of the seven little Saxon kingdoms constituting the 
Heptarchy, nearly all deduced their descent, more or less remotely, 
from Odin himself. Hengist, who led the Saxon forces into Britain, 
and became first King of Kent, claimed with peculiar pride to be his 
great-grandson—rendering it quite improbable that during the rule 
of himself or his race, or that of his kindred sovereigns, which lasted 
from three to four hundred years, Saxonized Britain learned to aban- 
don its buried ancestors, or hold them, in law, “ nullius in bonis,” 

Nor do we find, in the occasional inroads of the Danes temporarily 
disturbing the Saxon governments of England, any evidence that they 
obliterated, in the slightest degree, the reverential usages in the mat- 
ter of the dead, coming down from Odin, The early laws of that rude 
people, carefully collected in the twelfth century by the learned anti- 
quary Saxo Grammaticus, speak with abhorrence of those who insult 
the ashes of the dead, not only denouncing death upon the “alieni 
corruptor cineris,” but condemning the body of the offender to lie for- 
ever unburied and unhonored.—_(“ Law of Frotho,” Saxo Grammati- 
cus, lib. v.) 
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The law of the Franks, near neighbors of the Saxons, cited by 
Montesquieu (“Spirit of Laws,” lib. 30, chap. 19), not only banished 
from society him who dug up a dead body for plunder, but prohibited 
any one from relieving his wants, until the relatives of the deceased 
consented to his readmission—thus legally and distinctly recognizing 
the peculiar and personal interest of the relatives in the remains. 

We are, indeed, so surrounded by proof of the universal reverence 
of the Gothic nations for their buried ancestors that we are justified 
in assuming it to be historically certain that the barbarous idea of 
leaving the dead without legal protection never originated with 
them; that the enlightened provision of the Roman jurisprudence, 
which protected in Britain the individual right to their undisturbed 
repose, not only remained unaffected by the Saxon invasion, but was 
implanted by that event still more deeply in the ancient common law 
of England; and that it must have been vigorously enforced, as well 
by the earliest secular courts of the Anglo-Saxons, as in that transi- 
tion period of their judicial history, when the sheriff and the bishop, 
sitting side by side on the bench, united the lay and the ecclesiastical 
authority in a single tribunal. 

Nor was the right to protect the dead eradicated by the Norman 
conquest. It is true that the swarm of Romish ecclesiastics which 
poured into England with the Conqueror exerted themselves actively 
and indefatigably to monopolize for the Church the temporal author- 
ity over the dead; but that by no means proves that they were left 
unprotected. On the contrary, it was a concentration in the ecclesi- 
astical’ body of every right which any individual had previously pos- 
sessed, to secure their repose. The individual right was not extin- 
guished, it was only absorbed by the Church, and held in suspense, 
until some political revolution or religious reformation should over- 
throw the ecclesiastical power which had thus secured its possession. 

The ecclesiastical element was not eradicated from the framework 
of the English Government, either by the Reformation or the act of 
Parliament establishing the Protestant succession, but in the portion 
of the world which we inhabit the work has been more thoroughly 
accomplished. The English emigration to America—the most mo- 
mentous event in political history—commenced in the very age when 
Chief-Justice Coke was proclaiming, as a legal dogma, the exclusive 
authority of the Church over the dead. The liberty-loving, God-fear- 
ing Englishmen who founded these American States had seen enough 
and felt enough of “ecclesiastical cognizance,” and they crossed a 
broad and stormy ocean to a new and untrodden continent, to escape 
from it forever. 

It may well be that some of the legislative enactments of these 
weather-beaten men, in the early morning of their political life, while 
yet unused to the meridian light of religious freedom, are disfigured 
by the same intolerance they had left behind them. They may have 
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even mingled in their general scheme of civil policy an ecclesiastical 
element sterner and more searching than that of the Church from 
which they dissented. The curious historian may analyze, if he will, the 
earnest puritanism of early New England, or even the sturdy bigotry 
of early New Netherland ; it is enough for the Commonwealth of New 
York, “ by the grace of God, free and independent,” to know that. its 
first written constitution, born in 1777, in the very depths of the Revo- 
lutionary struggle, extirpated from the body politic every lingering 
element of ecclesiastical cognizance or spiritual authority. On all its 
features it bears the unextinguishable love of religious freedom, 
brought to our shores by the refugees from ecclesiastical] tyranny, 
not only in England, but in Holland and France. Its ever-memorable 
declaration of religious independence—offspring of the lofty intellect 
and noble heart of John Jay, and growing bright with bis Huguenot 
blood—proclaims to the world the fundamental resolve, “ not only to 
expel civil tyranny, but also to guard against that spiritual oppres- 
sion and intolerance wherewith the bigotry and ambition of weak 
and wicked priests and princes have scourged mankind.” 

Following up this fixed determination, and yet with wise regard 
and unaffected reverence for the Christian Church in its purity, the 
illustrious authors of this Magna Charta of our religious liberty, pro- 
hibit any “minister of the gospel, or priest of any denomination,” 
from holding any office, civil or military, within the State; inscribing 
in the organic law, thus unmistakably, their settled purpose to de- 
liver both dead and living from ecclesiastical cognizance, to emanci- 
pate the courts of justice from every priestly and medizval fetter, and 
to allow them to breathe, through all coming time, the aanguang 
air of ancient, Anglo-Saxon freedom. 

It is a striking proof of the inveterate attachment, even of the 
most enlightened nations, to prescriptive authority, that the monk- 
ish idea of the church-yard as an engine of spiritual power not 
only lingers in England, but is boldly proclaimed in its very metrop- 
olis, Within the last two years, the Archdeacon of London, in an 
official address to the clergy of the Established Church within his dis- 
trict, openly complains of modern legislation in the British Parlia- 
ment, in establishing extra-mural cemeteries around their crowded 
cities ; for, says he, “the church and the church-yard of the parish 
have hitherto been one of the strongest ties, to bind the people at 
large to the communion of the Church.” And again, “ Burial bound, 
I say, the people, in the metropolis, to the Established Church.” 

It certainly is not for us to interfere with the ecclesiastical law of 
England, nor needlessly to criticise its claims to the respect of the, 
people whom it binds. We only ask to banish its maxims, doctrines, 
and practices from our jurisprudence, and to prevent them from guid- 
ing, in any way, our judicial action. The fungous excrescence which 
required centuries for its growth may need an efflux of ages to re- 
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move, Burial in the British Islands may possibly remain, for many 
generations, subject exclusively to “ecclesiastical cognizance ;” but 
in the new, transplanted England of the Western Continent the dead 
will find protection, if at all, in the secular tribunals, succeeding, by 
fair inheritance, to the primeval authority of the ancient, uncorrupted 
common law. 
It is gratifying, however, to perceive that, even in the English 
courts, traces are becoming discernible of a disposition to recognize 
‘the ancient right of burial at common law. In the year 1820, a legal 
claim was made by one Gilbert to bury, in a London churchyard, the 
body of his wife in an iron coffin, but it was resisted by the church- 
wardens, Buzzard and Boyer, on the ground that it would injuriously 
prolong the period when the natural decay of the body and of a 
‘wooden inclosure would make room in the grave for another occu- 
pant. An application had been previously made in the same matter 
to the King’s Bench, for a mandamus (reported in 2 Barn. and Ald., 
p- 806), on which occasion the distinguished counsel, Mr. Scarlett and 
Mr. Chitty, claimed that the right of interment existed at common 
law. In refusing the application, Chief-Justice Abbott said: “ It may 
be admitted, for the purpose of the present question, that the right 
of sepulture is a common-law right, but I am of opinion that the mode 
of burial is a subject of ecclesiastical cognizance.” Mr. Justice Hol- 
royd, after duly reproducing Coke’s caro data vermibus, declared that 
“ burial is as much a matter of ecclesiastical cognizance as the prayers 
that are to be used, or the ceremonies that are to be performed at the 
funeral,” 

The matter, which had caused some public disturbance in London, 
was thereupon carried into the Ecclesiastical Court, then adorned by 
the learning and talents of Sir William Scott (since Lord Stowell). 
In the very elaborate and eloquent opinion delivered by the accom- 
plished judge on that occasion (reported in 3 Phillimore, p. 335), he 
reviews the whole history of burial, from the remotest antiquity, philo- 
sophically tracing the progress of interment through the heathen and 
the Christian ages. Drawing a distinction between the coffined and 
uncoffined funerals of early times, he admits that many authoritative 
writers assert the right of a parishioner to be buried in his own parish 
church-yard, but he denies that it necessarily includes the right to 
bury a “trunk or chest” with the body. “ Zhe right,’ says he, 
“ strictly taken, is, to be returned to the parent earth for dissolution, 
and to be carried there in a decent and inoffensive manner.” The 
honest sense and feeling of the judge were evidently struggling with 
ecclesiastical law and usage, but he came to the conclusion that no 
mode of burial could be permitted which would prolong the natural 
decay of the body, or needlessly preserve its identity ; that the lapse 
of a single generation is practically sufficient for mingling human re- 
mains with the earth, and destroying their identity; that, the dead 
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having no legal right to crowd the living, each buried generation 
must give way to its successor; and that, therefore, an iron coffin, 
which would unduly and unlawfully prolong the period for identity- 
ing the remains, was ecclesiastically inadmissible, unless an extra fee 
were paid to the Church. 

The court will perceive, by the proofs in the case now under ex- 
amination, that the remains of the exhumed body are identified beyond 
doubt or question. The skeleton of the “posthumous man” is now 
legally “ standing in court,” distinctly individualized ; with his daugh- 
ter, next and nearest of kin, at his side, to ask that the tribunal whose 
order for widening the street ejected him from the grave will also 
direct his decent interment. 

It was the pride of Diogenes, and his disciples of the ancient 
school of cynics, to regard burial with contempt, and to hold it utterly 
unimportant whether their bodies should be burned by fire or de- 
voured by beasts, birds, or worms; and a French philosopher of mod- 
ern days, in a somewhat kindred spirit, descants upon the “ glorious 
nothingness ” of the grave, and that “ nameless thing ”—a dead body. 
The secular jurisprudence of France holds it in higher and better re- 
gard, In the interesting case reported in “ Merlin’s Répertoire,” title 
“ Sepulture,” where a large tract of land near Marseilles had necessarily 
been taken for the burial of several thousand bodies, after the great 
plague of 1720, it was adjudicated, by the secular court, that the land 
should not be profaned by culture even of its surface, until the buried 
dead had mouldered into dust. The eloquent plaidoyer of the avocat- 
général upon that occasion dwells with emphasis on the veneration 
which all nations, in all ages, have shown for the grave—adding, 
however, with some little tinge of national irreverence, “C’est une 
vénération toujours révocable/ et toujours subordonnée au bien 
public.” 

In portions of Europe, during the semi-barbarous state of society in 
the middle ages, the law permitted a creditor to seize the dead body 
of his debtor; and, in ancient Egypt, a son could borrow money by 
hypothecating his father’s corpse; but no evidence appears to exist 
in modern jurisprudence of a legal right to convert a dead body to 
any purpose of pecuniary profit. 

It will be seen that much of the apparent difficulty of this subject 
arises from a false and needless assumption in holding that nothing 
is property that has not a pecuniary value. The real question is not 
of the disposable, marketable value of a corpse, or its remains, as an 
article of traffic, but it is of the sacred and inherent right to its cus- 
tody, in order decently to bury it and secure its undisturbed repose, 
The insolent dogma of the English ecclesiastical law, that a child has 
no such claim, no such exclusive power, no peculiar interest in the dead 
body of its parent, is so utterly inconsistent with every enlightened 
perception of personal right, so inexpressibly repulsive to every proper 
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moral sense, that its adoption would be an eternal disgrace to Ameri- 
can jurisprudence. The establishment of a right so sacred and pre- 
cious ought not to need any judicial precedent. Our courts of justice 
should place it, at once, where it should fundamentally rest forever, 
on the deepest and most unerring instincts of human nature, and hold 
it to be a self-evident right of humanity, entitled to legal protection, 
by every consideration of feeling, decency, and Christian duty. The 
world does not contain a tribunal that would punish a son who should 
resist, even unto death, any attempt to mutilate his father’s corpse, or 
tear it from the grave for sale or dissection ; but where would he find 
the legal right to resist, except in his peculiar and exclusive interest 
in the body? 

The right to the repose of the grave necessarily implies the right to 
its exclusive possession, The doctrine of the legal right to open a 
grave in a cemetery, after a certain lapse of time, to receive another 
tenant, however it may be sanctioned by custom in the English 
church-yards, or by Continental usage at Pére-la-Chaise and else- 
where, will hardly become acceptable to the American mind, still less 
the Italian practice of hastening the decomposition of the dead by cor- 
rosive elements, The right to the individuality of a grave, if it exist 
at all, evidently must continue, so long as the remains of the occupant 
can be identified—and the means of identifying can only be secured 
and preserved by separate burial. The due and decent preservation 
of human remains by separate burial is preéminently due to Christian 
civilization, which, bringing in the coffin and sarcophagus, superseded 
the heathen custom of burning, and “ gave,” in Lord Stowell’s vivid 
phrase, “ final extinction to the sepulchral bonfires.” 





THE RELATIONS OF WOMEN TO CRIME. . 
By ELY VAN DE WARKER, M.D. 


IL 


SHALL, in this paper, consider briefly the sexual and other physi- 

cal and mental conditions which modify woman's relations to 
crime. These conditions (B) mainly depend upon—1. Age; 2. Hered- 
ity; 3. Physical; and 4, Mental sexual peculiarities. In a former paper 
of this series,’ I believe I proved, beyond a doubt, that there are types of 
mind which are purely the outcome of sex, and which define the men- 
tal condition of the sexes. In that paper, criminal statistics were 
used to assist in establishing the fact of sexual mental differences. 
Here the method is reversed, and sexual mental traits are employed 
to explain the known differences in ‘the extent and degree of crime 


* PopuLak Science Montaty, July, 1875. 
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existing among men and women. This will involve the use of some 
of the facts already considered, While it is true that the social condi- 
tions, which we have so briefly analyzed,’ bear upon woman chiefly 
because she is as she is, yet they bear also upon the other sex. Many 
of the sexual conditions we shall study relate to women alone, and, 
therefore, in their criminal career, exist as a defining force. If, in 
the ordinary concerns of life, women exhibit mental traits which serve 
amply to distinguish them, and place limits to their activity, not less 
in the tabulated histories of crime are the same distinctions and limits 
found, 

1. Age materially influences the extent and degree of crime in 
both sexes. In relation to physical and functional development, age 
exists as a defining force. It appears to affect the criminal careers of 
the sexes in two ways: by permitting such a degree of bodily power 
to be reached as to render possible criminal acts in different degrees ; 
and, the bodily powers remaining the same, the varying mental condi- 
tions produce changes in the force and direction of the criminal im- 
pulse. Each period of life, therefore, is characterized by degrees and 
qualities of crime which belong to it. In other words, certain phases 
of crime are perpetrated at one period of life in excess of any other 
period. These remarks do not apply to both sexes equally, for these 
periods do not correspond either as to age, or in the nature of the 
offense, the excess of which distinguishes one period from another. 

For the purpose of studying the influence of age upon the criminal 
career of women, I shall analyze the figures of Mr. F. G. P. Neison.* 
The materials embraced in the table of Mr. Neison are for five years, 
from 1834 to 1839; for, strange to say, the Home-Office returns, since 
the year last named, to the date of Mr. Neison’s publication, ceased 
to give the age and sex with reference to classes of crime. In order 
to simplify the comparison, I shall take the number of male criminals 
corresponding in age to the female, as the standard of measurement 
in reference to any given division of crime. Fractions are omitted in 
reference to both sexes. 

At twelve years of age and younger the proportion of females to 
males is 1 to 6 for crimes against persons, and for crimes against prop- 
erty without violence for the same age the proportion is again 1 to 6. 
Bearing in mind what has been said in a former chapter," that the 
ratios of the sexes as to crimes against persons and property are 16 to 
to 100 for the former, and 26 to 100 for the latter, and which also cor- 
respond to the difference in strength between the sexes, we see that 
the element of sexual inequality in strength does not present itself as 
a factor. In other words, the correspondence in the proportion of the, 


,Sexes to the two classes of crime represents physical equality, while 


1 Popu1ar Science Montuty, November, 1875. 
* “ Copiributions to Vital Statistics,” table xxix., London, 1857. 
® Porutar Science Montuty, November, 1875. 
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the difference (1 to 6) is the result of mental sexual traits, which, even 
at this early age, present themselves. During the next four years the 
proportion in reference to crimes against persons is nearly double, being 
1 to 11; while against property the proportion decreases, being 1 to 5. 
The average physical strength of the sexes for the second period (twelve 
to sixteen years) is about equal, so that this sudden proportional in- 
crease in crimes against persons in the male sex is the result almost 
entirely of those qualities which mentally characterize the male. This 
conclusion is rendered nearly positive by the fact that the maximum 
is attained by the males in the next five years, sixteen to twenty-one, 
and is only 1 to 12, during which period it is that the greatest difference 
in strength between the sexes is developed; yet this difference is repre- 
sented by an increase of only 1 in the proportion, This agrees with 
what we know of men, that the development of the passions keeps just in 
advance of the development of the physical strength, just as the strength 
declines in advance of the passions. Studying for a moment longer 
this second period of life (twelve to sixteen) we learn this important 
fact: that in woman’s criminal career it is, proportionally with man, 
the best period in her life, for at this time also occurs the greatest dif- 
ference in crimes against property, 1 to 5, the maximal difference in the 
sexes, as to crimes against persons, being reached at twenty-one years. 
For the periods following of ten years each, the proportion steadily 
decreases in the following order, 1 to 9, 1 to 7, until at the decade, 
between forty and fifty years, we reach again the proportion of child- 
hood (1 to 6). Now, the inference is, not t’ t men grow better and 
women worse; but that the period of greatest passional intensity has 
been passed, while in both sexes the will has attained its greatest 
force. In other words, the period of caution has been reached. This 
accords with the law that the greatest mental vigor corresponds with 
structural completion. That this explanation is plausible is shown by 
the fact that the last decade mentioned is the period in which the pro- 
portion between the sexes in crimes against property is more nearly 
equal, being 1 to 2 and a fraction, and which for former decades stead- 
ily held at 1 to 3. There is a further confirmation of this, in the fact 
that for two periods, fifty to sixty, and sixty and upward, crimes against 
persons increase among men; the proportion being 1 to 9 and 1 to 10 
respectively. That this is not the result of any increase of morality 
in the other sex, the uniform ratio of the sexes for crimes against 
property, during the ages last named, renders probable. From the 
same source we may obtain information which tends to show the truth 
of the remark made by M. Quetelet, that the proportion of women as 
to men increases “ according to the necessity of the greater publicity 
before the crime can be perpetrated.”* In the division of crime called, 
offenses against the currency, we have the conditions favorable to a 
more even proportion of the sexes. In an offense of this kind the 


1 Toc. cit., p. 90. 
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physical equality is not involved. It becomes a question of secrecy, 
cunning, and shrewdness. These are mental qualities which exist 
with equal force in the sexes. Consequently in this division of crime 
for all ages we find a mean proportion of 1 to 2, Expressed in detail 
the proportion is equal in childhood, 1 to 2 at the next period, and 1 
to 3 for the three following, until, at the decade between forty and 
fifty years, it drops to 1 to 2, and is equal again for the two following 
periods. The influences which cause equality in the proportions at 
the two extremes of ages are probably those which produce the same, 
or nearly the same, results in relation to the other orders of crime. 

This analysis of Mr. Neison’s statistics reveals to us a very inter- 
esting period in the lives of both sexes—that between forty and fifty 
years. For all the classes of crime examined, we find the sexes at 
this period proportionally approaching equality ; being in two classes 
actually at that of childhood. These two classes of crime are those 
which involve the greatest violence, crimes against persons; and the 
least, crimes against the currency. For the first, I have already 
offered a reasonable explanation, that of the period of caution ; but, in 
reference to the latter, we must search further, in order to get at a 
probable cause. In the last-named offense, we have as a character- 
izing mental trait the very condition which explains the decrease in 
the proportion for crimes against persons, and yet at the terminal 
periods of life we find it obeying the same law. There is one fact 
which forces itself upon the attention in connecticn with this; that 
the first approach to equality in the proportions of the sexes begins 
suddenly at the term of life between forty and fifty years. This 
period, for men especially, is that in which the forces engaged in 
structural repair and waste are in equilibrium, It is one of structural 
rest, but of functional activity. At no other period in the life of man, 
therefore, is he physically more competent to meet the demands of his 
mental life. With women, it is also a period of structural rest, linked 
to a state of functional completion, so far as the prime motive of 
sexual life is concerned. It appears reasonable, in view of this, that 
physical factors be excluded as a probable cause of the phenomenon. 
But there exist valid reasons for exempting the male sex partly 
from the operation of the laws affecting this equalization in the pro- 
portion of the sexes. These reasons show presumptively that the 
subtile and obscure laws of crime operate more actively upon the female 
than the male sex; that, in obedience to these laws, her relations to 
crime are prolonged into periods of life when men are becoming, to a 
certain extent, exempt from their operations. 

My friend Mr. R. L. Dugdale, of New York, in his brilliant study 
of the natural history of crime,’ by an analysis of Tables I. and II. of 
Mr. Neison,* arrives at important facts. In the tables referred to, 

1“ Thirtieth Annual Report of the Prison Association, State of New York,” p. 179. 
® Loc, cit., pp. 308, 304. 
VOL. ViIl.—22 
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crime is classified according to age, and percentages are calculated 
based upon the total population for each age specified. The maximum 
for male criminals is found in the period of twenty to twenty-five 
years, with a percentage to the total population of that age of .7702. 
Between fifty and sixty years the percentage drops to only .1694. 
The same law holds good for women, but with modified ratios. Com- 
paring the two sexes, the following results are reached: the tendency 
to crime, as exhibited in its actual commission, for males at all ages 
until sixty, diminishes at the rate of 33.333 per centum. For females 
under similar conditions of age, it diminishes at the rate of 25 per 
centum. Keeping in view the liability to error in a search through 
the obscure underlying forces which seem to regulate human conduct 
in the aggregate, it nevertheless appears reasonable to expect an ex- 
planation of this phenomenon to lie in the physical rather than the 
mental conditions of the sexes at the terminal periods of life. In the 
decade which was above distinguished as that of physical equilibrium, 
the governing principles seemed to be the expression of mental forces ; 
but, on reaching the sixtieth year of life, the conditions are reversed, 
While in the former the conditions of waste and repair were equal, in 
the latter the repair of the physical forces is exceeded by the waste. 
This is a law which applies equally to both sexes, but with this dif- 
ference in the result: the occupation and the crimes which belong in 
such great excess to men are those which require more physical 
strength than the occupations and crimes which are adapted to the 
lesser strength of women. Let us take a familiar illustration: after 
a man at sixty years of age has retired from the scenes of his labor in 
the mine, or field, or workshop, the wife of the same age, or older, is 
yet profitably engaged in her lighter domestic duties. She is yet con- 
tributing as materially to the comforts of her family as during the 
more active years of the husband’s life. Now, while it is quite evident 
that we must regard the cause of the sudden more near equality in 
the proportion of the sexes which presents itself in the period of life 
between forty and fifty years as due to psychical changes, the evi- 
dence is yet stronger that the ratio of the.more rapid decrease of 
male criminals at the more advanced period of fifty to sixty years is 
due to the cause I have named—the rapid impairment of physical 
energy peculiar to the period. Since men greatly preponderate in 
those phases of crime which demand strength, belligerency, and pub- 
licity in the perpetration, the conclusion is legitimate that crime 
would rapidly decrease at the time of life in which these qualities are 
wanting, or are impaired. If we examine the relation of men to the 
orders of crime, in the perpetration of which these qualities are not 
necessary, and in which strength may be replaced by caution, and 
belligerency by cunning, as in offenses against the currency, and in 
the sixth division of Mr. Neison called “ other offenses,” embracing 
the lighter shades of criminal conduct, we shall see that the propor- 
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tions between the sexes characteristic of earlier ages hold on un- 
changed through this last period of life. 

It will be interesting to return for a moment and examine what 
are the real proportions of the sexes, during the criminally most ac- 
tive period of life, between twenty-one and thirty years. While we 
would not expect in this period to find the groundwork laid for 
criminal conduct, yet it is the term of life, in both sexes, in which the 
effects of heredity, of early training, assume activity, and give shape 
and color to the destiny of the individual. What goes before may be 
called the germ period, and this the period of fruition, The years 
which precede the meridional term of life are under the influence of 
structural and intellectual genesis. It is the result of an aggregation 
of forces tending to a common end. Life has not reached the level 
of the conflicting emotions, passions, and activities, which at the com- 
pletion of structure exist so potently. Activity at this period is the 
expression of simple laws, which lead to a uniform result. Mr, Nei- 
son, reasoning purely from statistics, arrives at the same conclusion, 
that “in the juvenile period of life the tendency to crime is under 
the influence of more constant laws or elements, and therefore shows 
less fluctuation than in mature life.” * The same conclusions hold 
good at the closing years of life. Youth and old age unite in the de- 
gree and quality of crime. The aggregate of crime in general is com- 
mitted at the earlier part of this intermediate period of both sexes. 
The crime of this decade of life is more than quadruple that of any 
other. During this period occur those differences in the tendency to 
crime between the sexes which affect the total results. During this 
period, sex powerfully asserts its influence, Sex is no longer existing 
potentially in incomplete structure; but it is partly the sum of com- 
pleted structural effort. Psychically, it is emotion, passion, and un- 
conscious cerebral activity. Physically, it is the difference in devel- 
opment and mechanical power. Each of these is a factor in the dif- 
ferences real and apparent in the tendency to crime existing between 
men and women. There are many other causes, some of the more im- 
portant of which have already been referred to, and are of social rather 
than sexual origin. But social factors operate more strongly at this 
period than at any other. Society in all its phases is made up of the 
activities of this period of life. Those forces which in their totality 
express all there is of society, seem to concentrate and coincide with 
those forces which express all there is of sex, and tend to one period 
of life common to both men and women. 

2. In this connection it is proper to examine the bearings of 
women to the hereditary tendency to crime. Recent study of the 
relations of sex to crime has shown that the hereditary element in the 
criminal tendency may assume sexual phases. This is exemplified by 
the law of movement in the direction of the least resistance. The he- 


1 Loe, cit., p. 407. 
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reditary taint being a fixed factor, it assumes expression in acts which 
are most in accord with sexual peculiarities. This is nearly equiva- 
lent to Dr. Carpenter’s theory of special mental aptitudes as giving 
direction to the force of habit ;* except that its operation is extended 
to the hereditary transmissions of mental or physical qualities. It 
is only in the early middle period of life that, from the nature of 
things, we would expect to find the criminal tendency under the 
complete sway of sexual life. The inherited criminal tendency in 
childhood and early youth finds its outlet in a viciousness common 
to both sexes, or in the milder forms of crimes against property. This 
is asserted on general principles. Dr. Carpenter remarks that “ this 
diversity may be in a great part attributed to changes in the physical 
constitution. Thus, the sexual feeling, which has a most powerful 
influence on the direction of the thoughts in adolescence, adult age, 
and middle life, has comparatively little effect at the earlier and later 
periods.” * This also accords with Mr, Dugdale’s theory of criminal 
analogues, This theory, in his important work,’ is mainly brought out 
in relation to the entailment of crime, and its truth lies in the fact 
that, in the same family of criminals, while the males are thieves, the 
females are prostitutes—one the equivalent or analogue of the other. 
The same family, in the two extremes of life, childhood and old age, 
exhibits pauperism as either the reality or promise of a criminal ca- 
reer. From the fact that pauperism exists as a parasite upon pro- 
ductive society, and preys upon society to its permanent injury, and 
makes no return, it will be regarded in this paper as an equivalent to 
crime against property. When we consider that criminals by entail- 
ment are exposed to environments possessing essential qualities in 
common, it is reasonable to expect that in such crime would conform 
in a more regular manner to those laws which seem to govern moral 
conduct, than in those who drift into crime through impulse or mis- 
fortune. This, in a general sense, holds true. M. Prosper Despine, 
in his “ Psychologie Naturelle,” shows that incendiarism exists in the 
young of both sexes with the inherited taint, as a characteristic. M. 
Despine brings out with great force a mental condition of those who 
inherit crime that gives an additional cause for the operation of the 
laws of crime with almost undeviating regularity upon this class. 
This is the total or nearly total absence of the moral sense— 
moral idiocy—which isolates the offspring of criminal families from 
the children of untainted birth. By this moral blindness they are 
distinguished throughout their lives. Thus there are wanting in this 
class the moral elements which effect or impede the criminal tendency 
in others. The sense of right or wrong, the sense of shame or dis- 
grace, in no way interferes with the criminal tendency. This is the 
very condition necessary for the unembarrassed operation of Mr. Dug- 


1 “ Principles of Mental Physiology,” p. 374. ® Loc. cit., p. 865. 
3“ Thirtieth Report,” etc., p. 146. 
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dale’s very probable law of criminal analogues or equivalents, Hence 
we may say, with almost.positive certainty, that the children of both 
sexes, with the inherited taint, are paupers; that adult life in the 
male is distinguished by pauperism and crime; that adult life in the 
female is devoted to prostitution, and that old age brings both sexes 
again to the state of pauperism. And here again we encounter the 
phenomenon revealed by an analysis of Mr. Neison’s statistics: the 
criminal equivalent existing between childhood and senility. It is 
childhood and old. age joining hands, as it were, over the fevered and 
crime-laden middle life. But, while the moral faculties are absent, 
the mental powers are perverted to an equal degree. Any one accus- 
tomed to closely observe confirmed criminals must be cognizant 
of the fact that they are not as oth2r men in their habits of mind, 
What one observes may not be called insanity, in the full meaning of 
the word, but it appears to be a departure from the standard one 
forms from mingling with average men. I have noticed this especially 
with regard to women. From an experience of two years with crim- 
inal women undergoing punishment in the Onondaga Penitentiary, I 
cannot recall an instance in which menta. traits were wanting to dis- 
tinguish them from the average woman. In this class mental pecu- 
liarities may be intensified into actual insanity, and the tendency to it 
exist stronger than-in any other class. M. Ribot’ shows that heredi- 
tary crime and insanity are closely connected, and refers to Drs. Fer- 
rus and Lélut, who have established the great frequency of insanity 
among criminals, Dr. Bruce Thompson, in a recent work,’ supports 
this by figures, and proves that twelve per centum of insanity occurs 
among prisoners, with fifty per centum of recommittals, revealing the 
strength of the inherited tendency. 

The two more important inherited criminal traits which reveal 
sexual types in their development are pauperism and prostitution, 
Pauperism appears to be as characteristic of the male sex as prostitu- 
tion is of the female, The ratio of sexes receiving relief is twenty per 
cent. of men to thirteen per cent. of women, in out-door, and thirteen 
per cent. of men to 9.5 per cent. of women in almshouse relief. De 
Marsangy fixes the ratio at seven times more vagabondage among 
men than women.’ As a rule, women receive relief—if single—while 
child-bearing, and if married they follow the condition of the hus- 
band; while widows drift back into prostitution. ‘“'Thus we find,” 
remarks Mr. Dugdale, “that although the rates of wages are lower 
for women, charity is much more frequent among men.” * The above 
relates to those who are known to receive relief. The hereditary 
strength of the last-named offense is shown by the Juke family, so - 


1 “ Heredity,” p. 29. * “The Hereditary Nature of Crime.” 

2“ Etude sur la Moralité comparée de la Femme et de I’Homme,” par M. Bonne- 
ville de Marsangy. 

* Loe. cit., p. 151. 











342 THE POPULAR SCIENCE MONTHLY, 


carefully studied by Mr. Dugdale—52.4 per cent. of the women fol- 
lowing prostitution. If hereditary disease accompanies the entail- 
ment of crime, pauperism is a matter of course; the subject rarely 
attaining the rank of a criminal, except in the most petty of the 
offenses against property. Pauperism is a condition of effeteness. It 
represents the dregs which drop downward through the several strata 
of society. Moraliy, it is the most negative condition of humanity. 
The pauper has sunk below the level of crime. He abstains from 
crime, not by moral restraints, but by inertness. The woman with 
the same taint has sunk below the level of the active phases of crime, 
She drifts into harlotry because it is easier than to steal. If disabled, 
she becomes a pauper, and thus oscillates between the almshouse and 
the brothel—a passionless, nerveless being, with all the normal ener- 
gies crushed out under the burden of entailed defects. 

3. It isa more difficult matter to trace through the complicated 
net-work of passions, emotions, and motives, which underlies the de- 
grees and varieties of crime, the purely sexual physical factor. The 
main difficulty consists in discriminating this from the mental sexual 
differences which may exist as a cause of differentiation in crime. It 
is essential, if possible, to gain an approximate idea of the limits of 
these differences. With the present data at command, this can be 
accomplished only in the most superficial manner, There exists here 
more than the suspicion of a great law, the operation of which, if 
fully known, would clear up many of the doubts lingering around this 
important subject. While the physical differences will serve to ex- 
plain the varying relations of the sexes to crime in their broader and 
more superficial aspects, the mental sexual traits will serve to define 
the differences in motives, tendencies, and innate moral proclivities of 
the sexes. Instead of being satisfied with the simple explanation, 
that the extent of man’s excess over woman as a criminal represents 
the excess of woman over man gs a moral being, this knowledge 
would show that this is not a question of comparative morality alone, 
but one of intellectual equivalents. To study carefully the scope of 
the moral equivalents of the sexes is to reach the relations of things in 
their genesis. It is in this way that the relations of the sexes socially, 
as well as in crime, will be taken out of the realm of sentimentalism 
and placed upon a basis of fact. Sentimental views of the relation- 
ship of women to crime exist so generally, that they act as a force in 
the way of an unbiased investigation of the subject. Take, for in- 
stance, such a writer as M. de Marsangy,’ whose motive is the serious 
one of the amelioration of the penal laws in their bearings upon wom- 
en, who gravely concludes that man has a “nature less noble, less 
delicate, less perfect than woman,” and yet quotes approvingly that, 
“ Das Weib ist Engel oder Teufel.” It is this personal bias which has 
hitherto obscured this subject, and rendered the work of such writers 


1 Loe. cit., p. 188. 
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as M. de Marsangy useless for scientific purposes. Fortunately, this 
style of scientific writing belongs to the French school of both senti- 


ment and morals. 


The mental reflex result of physical strength, as expressed in the 
criminal act, is more clearly shown in crimes against property at- 


tended with violence. 


Distinguishing it from the other orders of 


crime—malicious offenses against property, and offenses without vio- 
lence—we have the motive in the first-mentioned class narrowed to 
the desire of possession, but so associated with the consciousness of 
personal strength that it is employed as an agent of the crime. Bel- 
ligerency, revenge, and other emotions which tend to crime, are 
absorbed in the order of malicious offenses, and thus the field is left 
clear, in the class under analysis, for the full play of the physical 
factor. Omitting ages under sixteen years, as being too nearly equal 
physically in the sexes, and basing our proportion con the number of 
criminals of both sexes from that age to twenty-one years, the pro- 
portion is 1 woman to 18 men, while for the ten years following it is 
1 to 20. This is twice the proportion between the sexes for crimes 
against persons, and seven times that for crimes against property 
without violence, for corresponding ages. When we contrast this 


with the fact that the 


mean proportion between the sexes for all 


crimes against property is 1 to 4, and for crimes against the person 
it is 1 to 6, we may form an idea of the enormous influence of physi- 
cal strength as a restraint to woman’s criminal tendencies. We have, 
however, to modify this somewhat, by giving more or less value to 
woman’s tendency to avoid those crimes which require publicity in 


both the planning and 


perpetration, and which is implied in violent 


crimes against property; but even giving this trait due weight, the 
physical factor as exhibited i in, this order of crime is the one which, 
more than any other, defines its character. While woman’s deficient 
physical strength, compared to map’s, acts so powerfully as an obsta- 
cle in the division of crime just considered, it is highly probable that 
in other offenses it also acts in the same manner, varying in amount, 
as this quality is necessary to the successful perpetration of the crime, 
In those crimes in which this factor does not enter, we at once notice 
that the ratios of the sexes approximate. In adultery, for instance, 


the proportion of the 


sexes is about the same.* In infanticide, 


I have already remarked on the ease with which women enter upon 
a criminal course, when this conforms to the direction of purely 
sexual qualities; and, undoubtedly, intensity is added by the absence 
of physical strength as a requisite to the perpetration of the crime. 
In crimes against the currency, the same near equality in the number 
of the sexes involved may be noticed, and the fact that the propor- 
tions for the most active period of adult life and for childhood and 


old age are about the 
* Neison, loc. cit. 


same renders it highly probable that this 
* De Marsangy, loc. cit, 
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equality is accounted for by the physical strength required for its 
perpetration being possessed equally by the sexes. In crimes against 
persons, the influence of this factor can be traced, but not in so marked 
a manner as in the crimes referred to. In poisoning, for instance, the 
ratio between the sexes is 91 women to 100 men,* and while active 
mental traits may in part exist as causes for this nearly equal ratio of 
the sexes, yet the total absence of any need of physical strength must 
be given due value. Poison is essentially a weapon of weakness. It 
figures largely in history as the agent of women and politicians. One 
reason, which probably existed in “medieval days, but which cannot be 
regarded i in modern times, was the difficulty of detection in cases of 
death by poisoning. It was surrounded by an atmosphere of horrible 
suspicion, which was never relieved by certainty. It was selected as 
a political agent by reason of this secrecy, by both sexes, and thus at 
this period had no sexual qualities. Modern advances in chemistry 
have rendered poisoning one of the most surely detected of all crimes, | 
and its perpetration has become a characteristic of the weak and cow- 
ardly. In some other offenses, as in incendiarism, in which physical 
strength is as unessential as in poisoning, the ratio between the sexes 
falls to 34 in 100. Although this is a crime well within the compass 
of woman’s physical abilities, yet it involves other elements, which 
deter women from its perpetration. Motive, which is the exciting 
cause of crime and enters largely into the intensity of the tendency, 
cannot act so powerfully in the latter as the former crime. In order 
to kill, a stronger motive is required than to burn. Incendiarism 
requires considerable personal exposure, and danger of immediate 
detection. Parricide with a ratio of 50 to 100, and wounding of par- 
ents with a ratio of 22 to 100 (Quetelet), offer a remarkable contrast 
to murder and the wounding of strangers, with a ratio taken together 
of 9 to 100. The necessity of physical strength exists equally in the 
perpetration of these crimes. The marked difference in ratio, there- 
fore, must be explained by other means, Opportunity and domes- 
ticity, already referred to in a former paper, exist largely as the cause 
of the difference. M. Quetelet, speaking in general terms of the in- 
fluence of opportunity and domestic habits upon woman’s criminal 
career, remarks: “They can-only conceive and execute guilty projects 
on individuals with whom they are in the greatest intimacy ; thus, 
compared with man, her assassinations are more often in her family 
than out of it.” It would be difficult to present a stronger argument 
of the influence of woman’s social position as a.restraint to crime. 
As we observe in the crimes just referred to, it is not the enormity of 
the offense which restrains, for we have in parricide twelve times the 
frequen¢y of murder; it is not weakness, for then parricide, murder, 
and wounding, should agree in frequency. We are able to trace in 
this no influence of morality, it is simply the result of the varying 
degrees of opportunity, domestic life, and mental peculiarities. 

1 Quetelet, loc. cit., p. 91. 
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THE HISTORY OF TWINS, AS A CRITERION OF THE 
RELATIVE POWERS OF NATURE AND NURTURE.’ 


By FRANCIS GALTON, F.R.8 


i le exceedingly close resemblance attributed to twins has been 
the subject of many novels and plays, and most persons have 
felt a desire to know upon what basis of truth those works of fiction 
may rest. But twins have many other claims to attention, one of 
which will be discussed in the present memoir. It is, that their 
history affords means of distinguishing between the effects of ten- 
dencies received at birth and of those that were imposed by the 
circumstances of their after-lives ; in other words, between the effects 
of nature and of nurture. This is a subject of especial importance 
in its bearings on investigations into mental heredity, and I, for my 
part, have keenly felt the difficulty of drawing the necessary dis- 
tinction whenever I tried to estimate the degree in which mental 
ability was, on the average, inherited. The objection to statistical 
evidence in proof of its inheritance has always been: “ The persons 
whom you compare may have lived under similar social conditions 
and have had similar advantages of education, but such prominent 
conditions are only a small part of those that determine the future 
of each man’s life. It is to trifling accidental circumstances that the 
bent of his disposition and his success are mainly due, and these you 
leave wholly out of account—in fact, they do not admit of being 
tabulated, and therefore your statistics, however plausible at first 
sight, are really of very little use.” No method of inquiry which I 
have been able to carry out—and I have tried many methods—is 
wholly free from this objection. I have therefore attacked the prob- 
lem from the opposite side, seeking for some new method by which 
it would be possible to weigh in just scales the respective effects of 
nature and nurture, and to ascertain their several shares in framing 
the disposition and intellectual ability of men. The life-history of 
twins supplies what I wanted. We might begin by inquiring about 
twins who were closely alike in boyhood and youth, and who were 
educated together for many years, and learn whether they subse- 
quently grew unlike, and, if so, what the main causes were which, in 
the opinion of the family, produced the dissimilarity. In this way 
we may obtain much direct evidence of the kind we want; but we 
can also obtain yet more valuable evidence by a converse method, 
We can inquire into the history of twins who were exceedingly unlike © 
in childhood, and learn how far they became assimilated under the 
*In my “English Men of Science,” 1874, p. 12, I treated this subject in a cursory 


way. It subsequently occurred to me that it deserved a more elaborate inquiry, which 
I made, and of which this paper is a result. 
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influence of their identical nurtures ; having the same home, the same 
teachers, the same associates, and in every other respect the same 
surroundings. 

My materials were obtained by sending circulars of inquiry to 
persons who were either twins themselves or the near relations of 
twins. The printed questions were in thirteen groups; the last of 
them asked for the addresses of other twins known to the recipient 
who might be likely to respond if I wrote to them. This happily led 
to a continually-widening circle of correspondence, which I pursued 
until enough material was accumulated for a general reconnaissance 
of the subject. 

There is a large literature relating to twins in their purely surgical 
and physiological aspect. The reader interested in this should con- 
sult “Die Lehre von den Zwillingen,” von L, Kleinwichter, Prague, 
1871; it is full of references, but it is also disfigured by a number of 
numerical misprints, especially in page 26. I have not found any 
book that treats of twins from my present point of view. 

The reader will easily understand that the word “twins” is a 
vague expression, which covers two very dissimilar events; the one 
corresponding to the progeny of animals that have usually more than 
one young one at a birth, and the other corresponding to those double- 
yolked eggs that are due to two germinal spots in a single ovum. 
The consequence of this is, that I find a curious discontinuity in my 
results. One would have expected that twins would commonly be 
found to possess a certain average likeness to one another; that a few 
would greatly exceed that degree of likeness, and a few would greatly 
fall short of it; but this is not at all the case. Twins may be divided 
into three groups, so distinct that there are not many intermediate 
instances; namely, strongly alike, moderately alike, and extremely 
dissimilar. When the twins are a boy and a girl, they are never 
closely alike; in fact, their origin never corresponds to that of the 
above-mentioned double-yolked eggs. 

I have received about eighty returns of cases of close similarity, 
thirty-five of which entered into many instructive details. In a few 
of these not a single point of difference could be specified. In the re- 
mainder, the color of the hair and eyes was almost always identical; 
the height, weight, and strength were generally very nearly so, but I 
have a few cases of a notable difference in these, notwithstanding the 
resemblance was otherwise very near. The manner and address of 
the thirty-five pairs of twins are usually described as being very simi- 
lar, though there often exists a difference of expression familiar to 
near relatives but unperceived by strangers.. The intonation of the 
voice when speaking is commonly the same, but it frequently happens 
that the twins sing in different keys. Most singularly, that one point 
in which similarity is rare is the handwriting. I cannot account for 
this, considering how strongly handwriting runs in families, but I am 
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sure of the fact. I have only one case in which nobody, not even the 
twins themselves, could distinguish their own notes of lectures, ete. ; 
barely two or three in which the handwriting was undistinguishable 
by others, and only afew in which it was described as closely alike. 
On the other hand, I have many in which it is stated to be unlike, and 
some in which it is alluded to as the only point of difference. 

One of my inquiries was for anecdotes as regards the mistakes 
made by near relatives, between the twins. They are numerous, but 
not very varied in character. When the twins are children, they have 
commonly to be distinguished by ribbons tied round their wrist or 
neck ; nevertheless, the one is sometimes fed, physicked, and whipped 
by mistake for the other, and the description of these little domestic 
catastrophes is usually given to me by the mother, in a phraseology 
that is somewhat touching by reason of its seriousness. I have one 
case in which a doubt remains whether the children were not changed 
in their bath, and the presumed A is not really B, and vice versa. In 
another case an artist was engaged on the portraits of twins who were 
between three and four years of age; he had to lay aside his work for 
three weeks, and, on resuming it, could not tell to which child the 
respective likenesses he had in hand belonged. The mistakes are less 
numerous on the part of the mother during the boyhood and girlhood 
of the twins, but almost as frequent on the part of strangers. I have 
many instances of tutors being unable to distinguish their twin pupils. 
Thus, two girls used regularly to impose on their music-teacher when 
one of them wanted a whole holiday; they had their lessons at sepa- 
rate hours, and the one girl sacrificed herself to receive two lessons on 
the same day, while the other one enjoyed herself. Here is a brief 
and comprehensive account: “ Exactly alike in all, their school-mas- 
ters never could tell them apart; at dancing-parties they constantly 
changed partners without discovery; their close resemblance is 
scarcely diminished by age.” The following is a typical school-boy 
anecdote: Two twins were fond of playing tricks, and complaints 
were frequently made ; but the boys would never own which was the 
guilty one, and the complainants were never certain which of the two 
he was. One head-master used to say he would never flog the inno- 
cent for the guilty, and another used to flog both. 

No less than nine anecdotes have reached me of a twin seeing his or 
her reflection in a looking-glass, and addressing it, in the belief that it 
was the other twin in person, I have many anecdotes of mistakes 
when the twins were nearly grown up. Thus: “ Amusing scenes 
occurred at college when one twin came to visit the other; the porter 
on one occasion refusing to let the visitor out of the college-gates, for, _ 
though they stood side by side, he professed ignorance as to which he 
ought to allow to depart.” 

Children are usually quick in distinguishing between their parent 
and his or her twin; but I have two cases to the contrary. Thus, the 
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daughter of a twin says: “Such was the marvelous similarity of their 
features, voices, manner, etc., that I remember, as a child, being very 
much puzzled, and I think, had my aunt lived much with us, I should 
have ended by thinking I had two mothers.” -The other, a father of 
twins, remarks: “ We were extremely alike, and are so at this mo- 
ment, so much so that our children up to five and six years old did 
not know us apart.” 

I have four or five instances of doubt during an engagement of 
marriage. Thus: “A married first, but both twins met the lady to- 
gether for the first time, and fell in love with her there and then. A 
managed to see her home and to gain her affection, though B went 
sometimes courting in his place, and neither the lady nor her parents 
could tell which was which.” I haye also a German letter, written in 
quaint terms, about twin brothers who married sisters, but could not 
easily. be distinguished by them.’ In the well-known novel by Mr. 
Wilkie Collins of “ Poor Miss Finch,” the blind girl distinguishes the 
twin she loves by the touch of his hand, which gives her a thrill that 
the touch of the other brother does not. Philosophers have not, I 
believe, as yet investigated the conditions of such thrills ;-but I have 
a case in which Miss Finch’s test would have failed. ‘Iwo persons, 
both friends of a certain twin lady, told me that she had frequently 
remarked to them that “kissing her twin sister was not like kissing 
her other sisters, but like kissing herself—her own hand, for example.” 

It would be an interesting experiment, for twins who were closely 
alike, to try how far dogs could distinguish between them by scent. 

I have a few anecdotes of strange mistakes made between twins in 
adult life. Thus an officer writes: “On one occasion when I returned 
from foreign service, my father turned to me and said, ‘I thought 
you were in London,’ thinking Iwas my brother—yet he had not 
seen me for nearly four years—our resemblance was so great.” 

The next and last anecdote I shall give is, perhaps, the most 
remarkable of those that I have; it was sent me by the brother of the 
twins, who were in middle life at the time of its occurrence: “ A was 
again coming home from India, on leave; the ship did not arrive for 
some days after it was due; the twin brother B had come up from 
his quarters to receive A, and their old mother was very nervous. 
One morning A rushed in, saying, ‘O mother, how are you?’ Her 
answer was, ‘ No, B, it’s a bad joke; you know how anxious I am!’ 
and it was a little time before A could persuade her that he was the 
real man.” 

Enough has been said to prove that an extremely close personal 

1 I take this opportunity of withdrawing an anecdote, happily of no great importance, 
published in “Men of Science,” p. 14, about a man personating his twin brother for a 
joke at supper, and nat being discovered by his wife. It was told me on good authority; 
but I have reason to doubt the fact, as the story is not known to the son of one of the 


twins. However, the twins in question were extraordinarily alike, and I have many aneo- 
dotes about them sent me by the latter gentleman, 
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resemblance frequently exists between twins of the same sex; and 
that, although the resemblance usually diminishes as they grow into 
manhood and womanhood, some cases occur in which the resemblance 
is lessened in a hardly perceptible degree. It must be borne in mind 
that the divergence of development, when it occurs, need not be as- 
cribed to the effect of different nurtures, but that it is quite possible 
that it may be due to the appearance of qualities inherited at birth, 
though dormant, like gout, in early life. To this I shall recur. 

There is a curious feature in the character of the resemblance be- 
tween twins, which has been alluded to by a few correspondents; it 
is well illustrated by the following quotations. A mother of twins 
says: “There seemed to be a sort of interchangeable likeness in 
expression, that often gave to each the effect of being more like his 
brother than himself.” Again, two twin brothers, writing to me, 
after analyzing their points of resemblance, which are close and nu- 
merous, and pointing out certain shades of difference, add: “These 
seemed to have marked us through life, though for a while, when we 
were first separated, the one to go to business, and the other to col- 
lege, our respective characters were inverted; we both think that at 
that time we each ran into the character of the other. The proof of 
this consists in our own recollections, in our correspondence by letter, 
and in the views which we then took of matters in which we were 
interested.” In explanation of this apparent interchangeableness, we 
must recollect that no character is simple, and that in twins who 
strongly resemble 21ch other, every expression in the one may be 
matched by a corresponding expression in the other, but it does not 
follow that the same expression should be the dominant one in both 
cases. Now, it is by their dominant expressions that we should dis- 
tinguish between the twins; consequently, when one twin has tempo- 
rarily the expression which is the dominant one in his brother, he is 
apt to be mistaken for him. There are also cases where the develop- 
ment of the two twins is not strictly pari passu ; they reach the same 
goal at the same time, but not by identical stages. Thus: A is born 
the larger, then B overtakes and surpasses A, and is in his turn over- 
taken by A, the end being that the twins become closely alike. This 
process would aid in giving an interchangeable likeness at certain 
periods of their growth, and is undoubtedly due to nature more fre- 
quently than to nurture. 

Among my thirty-five detailed cases of close similarity, there are 
no less than seven in which both twins suffered from some special 
ailment or had some exceptional peculiarity. One twin writes that she 
and her sister “ have both the defect of not being able to come down-, 
stairs quickly, which, however, was not born with them, but came on 
at the age of twenty.” Another pair of twins have a slight congenital 
flexure of one of the joints of the little finger; it was inherited from 
a grandmother, but neither parents, nor brothers, nor sisters, show the 
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least trace of it. In another case, one was born ruptured, and the 
other became so at six months old. Two twins at the age of twenty- 
three were attacked by toothache, and the same tooth had to be ex- 
tracted in each case. There are curious and close correspondences 
mentioned in the falling off of the hair. Two cases are mentioned of 
death from the same disease; one of which is very affecting. The 
outline of the story was, that the twins were closely alike and singu- 
larly attached, and had identical tastes; they both obtained govern- 
ment clerkships, and kept house together, when one sickened and died 
of Bright’s disease, and the other also sickened of the same disease 
and died seven months later. 

In no less than nine out of the thirty-five cases does it appear that 
both twins are apt to sicken at the same time, This implies so inti- 
mate a constitutional resemblance, that it is proper to give some quo- 
tations in evidence. Thus, the father of two twins says: “Their 
general health is closely alike; whenever one of them has an illness, 
the other invariably has the same within a day or two, and they 
usually recover in the same order. Such has been the case with 
whooping-cough, chicken-pox, and measles; also with slight bilious 
attacks, which they have successively. Latterly, they have had a fe- 
verish attack at the same time.” Another parent of twins says: “If 
any thing ails one of them, identical symptoms nearly always appear 
in the other; this has been singularly visible in two instances during 
the last two months. Thus, when in London, one fell ill with a violent 
attack of dysentery, and within twenty-four hours the other had pre- 
cisely the same symptoms.” A medical man writes of twins with 
whom he is well acquainted: “ While I knew them, for a period of 
two years, there was not the slightest tendency toward a difference in 
body or mind ; external influences seemed powerless to produce any 
dissimilarity.” The mother of two other twins, after describing how 
they were ill simultaneously up to the age of fifteen, adds that they 
shed their first milk-teeth within a few hours of each other. 

Trousseau has a very remarkable case (in the chapter on asthma) 
in his important work “ Clinique Médicale.” (In the edition of 1873, 
it is in vol. ii., p. 473.) It was quoted at length in the original French, 
in Mr. Darwin’s “ Variation under Domestication,” vol. ii., p. 252, The 
following is a translation : 

“T attended twin brothers so extraordinarily alike, that it was im- 
possible for me to tell which was which without seeing them side by 
side, But their physical likeness extended still deeper, for they had, 
so to speak, a yet more remarkable pathological resemblance. Thus, 
one of them, whom I saw at the Néothermes at Paris, suffering from 
rheumatic ophthalmia, said to me, ‘At this instant my brother must 
be having an ophthalmia like mine;’ and, as I had exclaimed against 
such an assertion, he showed me a few days afterward a letter just 
received by him from his brother, who was at that time at Vienna, 














the 
nty- 
2 eX- 
nces 
dd of 
The 


ngu- 


died 
ease 


that 
inti- 


quo- = 


‘heir 
ness, 
they 
with 
‘ious 
a fe- 
“ If 
pear 
ring 
lent 


with 
id of 
e in 
any 
how 
they 


jma) 
873, 
nch, 
The 


; im- 
e by 
had, 
‘hus, 
from 


nust 
1inst 
just 











THE HISTORY OF TWINS, £TC. 351 


and who expressed himself in these words: ‘I have my ophthalmia ; 
you must be having yours.’ However singular this story may appear, 
the fact is none the less exact ; it has not been told to me by others, 
but I have seen it myself; and I have seen other analogous cases in 
my practice. These twins were also asthmatic, and asthmatic to a 
frightful degree. Though born in Marseilles, they were never able 
to stay in that town, where their business affairs required them to go, 
without having an attack. Still more strange, it was sufficient for 
them to get away only as far as Toulon in order to be cured of the 
attack caught at Marseilles, They traveled continually, and in all 
countries, on business affairs, and they remarked that certain localities 
were extremely hurtful to them, and that in others they were free 
from all asthmatic symptoms.” 

I do not like to pass over here a most dramatic tale in the “ Psycho- 
logie Morbide” of Dr. J. Moreau (de Tours), Médecin de Hospice de 
Bicétre, Paris, 1859, p. 172. He speaks “of two twin brothers who 
had been confined, on account of monomania, at Bicétre. . . . Physi- 
cally the two young men are so nearly alike that the one is easily 
mistaken for the other. Morally, their resemblance is no less com- 
plete, and is most remarkable in its details. Thus, their dominant 
ideas are absolutely the same. They both consider themselves subject 
to imaginary persecutions; the same enemies have sworn their de- 
struction, and employ the same means to effect it. Both have hallu- 
cinations of hearing. They are both of them melancholy and morose; 
they never address a word to anybody, and will hardly answer the 
questions that others address to them. They always keep apart, and 
never communicate with one another. An extremely curious fact 
which has been frequently noted by the superintendents of their sec- 
tion of the hospital, and by myself, is this: From time to time, at 
very irregular intervals of two, three, and many months, without ap- 
preciable cause, and by the purely spontaneous effect of their illness, 
a very marked change takes place in the condition of the two broth- 
ers. Both of them, at the same time, and often on the same day, 
rouse themselves from their habitual stupor and prostration; they 
make the same complaints, and they come of their own accord to the 
physician, with an urgent request to be liberated. I have seen this 
strange thing occur, even when they were some miles apart, the one 
being at Bicétre and the other living at Saint-Anne.” 

Dr. Moreau ranked as a very considerable medical authority, but I 
cannot wholly accept this strange story without fuller information. 
Dr. Moreau writes it in too off-hand a way to carry the conviction that 
he had investigated the circumstances with the skeptic spirit and scru-, 
pulous exactness which so strange a phenomenon would have required. 
If full and precise notes of the case exist, they certainly ought to be 
published at length. I sent a copy of this passage to the principal 
authorities among the physicians to the insane in England, asking if 
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they had ever witnessed any similar case. In reply, I have received 
three noteworthy instances, but none to be compared in their exact 
parallelism with that just given. The details of these three cases are 
painful, and it is not necessary to my general purpose that I should 
further allude to them. 

There is another curious French case of insanity in twins, which 
was pointed out to me by Prof. Paget, described by Dr. Baume in the 
“ Annales Médico-Psychologiques,” 4me série, vol. i., 1863, p. 312, of 
which the following is an abstract. The original contains a few more 
details, but is too long to quote: Frangois and Martin, fifty years of 
age, worked as railroad-contractors between Quimper and Chateaulin, 
Martin had twice had slight attacks of insanity. On January 15th a 
box in which the twins deposited their savings was robbed. On the 
night of January 23d-24th both Frangois (who lodged at Quimper) 
and Martin (who lived with his wife and children at St.-Lorette, two 
leagues from Quimper) had the same dream at the same hour, 3 
A. M., and both awoke with a violent start, calling out, “I have caught 
the thief! I have caught the thief! they are doing mischief to my 
brother!” They were both of them extremely agitated, and gave 
way to similar extravagances, dancing and leaping. Martin sprang 
on his grandchild, declaring that he was the thief, and would have 
strangled him if he had not been prevented ; he then became steadily 
worse, complained of violent pains in his head, went out-of-doors on 
some excuse, and tried to drown himself in the river Steir, but was 
forcibly stopped by his son, who had watched and followed him. He 
was then taken to an asylum by gendarmes,,where he died in three 
days. Frangois, on his part, calmed down on the morning of the 24th, 
and employed the day in inquiring about the robbery. By a strange 
chance, he crossed his brother’s path at the moment when the latter 
was struggling with the gendarmes; then he himself became mad- 
dened, giving way to extravagant gestures and making incoherent 
proposals (similar to those of his brother), He then asked to be bled, 
which was done, and afterward, declaring himself to be better, went 
out on the pretext of executing some commission, but really to drown 
himself in the river Steir, which he actually did, at the very spot 
where Martin had attempted to do the same thing a few hours pre- 
viously ! 

The next point which I shall mention, in illustration of the ex- 
tremely close resemblance between certain twins, is the similarity in 
the association of their ideas. No less than eleven out of the thirty- 
five cases testify to this. They make the same remarks on the same 
occasion, begin singing the same song at the same moment, and so on; 
or one would commence a sentence, and the other would finish it. An 
observant friend graphically described to me the effect produced on 
her by two such twins whom she had met casually. She said: 
“Their teeth grew alike, they spoke alike and together, and said the 
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same things, and seemed just like one person.” One of the most cu- 
rious anecdotes that I have received concerning this similarity of 

¢ideas was that one twin A, who happened to be at a town in Scot- 
land, bought a set of champagne-glasses which caught his attention, 
as a surprise for his brother B; while, at the same time, B, being in 
England, bought a similar set of precisely the same pattern as a sur- 
prise for A. Other anecdotes of a like kind have reached me about 
these twins. 

The last point to which I shall allude regards the tastes and dis- 
positions of the thirty-five pairs of twins. In sixteen cases—that is, 
in nearly one-half of them—these were described as closely similar; 
in the remaining nineteen they were much alike, but subject to cer- 
tain named differences. These differences belonged almost wholly to 
such groups of qualities as these: The one was the more vigorous, 
fearless, energetic; the other was gentle, clinging, and timid; or, 
again, the one was more ardent, the other more calm and gentle; or 
again, the one was the more independent, original, and self-contained ; 
the other the more generous, hasty, and vivacious. In short, the 
difference was always that of intensity or energy in one or other of 
its protean forms: it did not extend more deeply into the structure 
of the characters. The more vivacious might be subdued by ill 
health, until he assumed the character of the other; or the latter 
might be raised by excellent health to that of the former. The dif- 
ference is in the key-note, not in the melody. 

It follows, from what has been said concerning the similar dispo- 
sitions of the twins, the similarity in the associations of their ideas, 
of their special ailments, and of their illness generally, that the re- 
semblances are not superficial, but extremely intimate. I have only 
two cases altogether of a strong bodily resemblance being accompa- 
nied by mental diversity, and one case only of the converse kind. It 
must be remembered that the conditions which govern extreme like- 
ness between twins are not the same as those between ordinary broth- 
ers and sisters (I may have hereafter to write further about this) ; and 
that it would be wholly incorrect to generalize, from what bas just 
been said about the twins, that mental and bodily likeness are invari- 
ably codrdinate, such being by no means the case. 

We are now in a position to understand that the phrase “close 
similarity ” is no exaggeration, and to realize the value of the evi- 
dence about to be adduced. Here are thirty-five cases of. twins who 
were “closely alike” in body and mind when they were young, and 
who have been reared exactly alike up to their early manhood and 
womanhood. Since then the conditions of their lives have changed: . 
what change of conditions has produced the most variation ? 

It was with no little interest that I searched the records of the: 
thirty-five cases for an answer; and they gave an answer that was 
not altogether direct, but it was very distinct, and not at all what I. 
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had expected. They showed me that in some cases the resemblance 
of body and mind had continued unaltered up to old age, notwith- 
standing very different conditions of life; and they showed in thes 
other cases that the parents ascribed such dissimilarity as there was, 
wholly, or almost wholly, to some form of illness. In four cases it 
was scarlet fever; in one case, typhus; in one, a slight effect was as- 
cribed to a nervous fever: then I find effects from an Indian climate; 
from an illness (unnamed) of nine months’ duration; from varicose 
veins; from a bad fracture of the leg, which prevented all active ex- 
ercise afterward; and there were three other cases of ill health. It 
will be sufficient to quote one of the returns; in this the father 
writes : 

* At birth they were exactly alike, except that one was born with 
a bad varicose affection, the effect of which had been to prevent any 
violent exercise, such as dancing or running, and, as she has grown 
older, to make her more serious and thoughtful. Had it not been for 
this infirmity, I think the two would have been as exactly alike as it 
is possible for two women to be, both mentally and physically; even 
now they are constantly mistaken for one another.” 

In only a very few cases is there some allusion to the dissimilarity 
being partly due to the combined action of many small influences, and 
in no case is it largely, much less wholly, ascribed to that cause. In 
not a single instance have I met with a word about the growing dis- 
similarity being due to the action of the firm free-will of one or both 
of the twins, which had triumphed over natural tendencies; and yet 
a large proportion of my correspondents happen to be clergymen 
whose bent of mind is opposed, as I feel assured from the tone of 
their letters, to a necessitarian view of life. 

It has been remarked that a growing diversity between twins may 
be ascribed to the tardy development of naturally diverse qualities; 
but we have a right, upon the evidence I have received, to go further 
than this. We have seen that a few twins retain their close resem- 
blance through life; in other words, instances do exist of thorough 
similarity of nature, and in these external circumstances do not create 
dissimilarity. Therefore, in those cases, where there is a growing di- 
versity, and where no external cause can be assigned, either by the 
twins themselves or by their family for it, we may feel sure that it 
must be chiefly or altogether due to a want of thorough similarity in 
their nature. Nay, further, in some cases it is distinctly affirmed that 
the growing dissimilarity can be accounted for in no other way. We 
may therefore broadly conclude that the only circumstance, within the 
range of those by which persons of similar conditions of life are 
affected, capable of producing a marked effect on the character of 
adults, is illness or some accident which causes physical infirmity. 
The twins who closely resembled each other in childhood and early 
youth, and were reared under not very dissimilar conditions, either 
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grow unlike through the development of natural characteristics which 
had lain dormant at first, or else they continue their lives, keeping 
time like two watches, hardly to be thrown out of accord except by 
some physical jar. Nature is far stronger than nurture within the 
limited range that I have been careful to assign to the latter. 

The effect of illness, as shown by these replies, is great, and well 
deserves further consideration. It appears that the constitution of 
youth is not so elastic as we are apt to think, but that an attack, say 
of scarlet fever, leaves a permanent mark, easily to be measured by 
the present method of comparison. This recalls an impression made 
strongly on my mind several years ago by the sight of a few curves 
drawn by a mathematical friend. He took monthly measurements of 
the circumference of his children’s heads during the first few years 
of their lives, and he laid down the successive measurements on the 
successive lines of a piece of ruled paper, by taking the edge of the 
paper as a base. He then joined the free ends of the lines, and so 
obtained a curve of growth. These curves had, on the whole, that 
regularity of sweep that might have been expected, but each of them 
showed occasional halts, like the landing-places on a long flight of 
stairs. The development had been arrested. by something, and was 
not made up for by after-growth. Now, on the same piece of paper 
my friend had also registered the various infantine illnesses of the 
children, and corresponding to each illness was one of these halts. 
There remained no doubt in my mind that, if these illnesses had been 
warded off, the development of the children would have been in- 
creased by almost the precise amount lost in these halts. In other 
words, the disease had drawn largely upon the capital, and not only 
on the income, of their constitutions. I hope these remarks may in- 
duce some men of science to repeat similar experiments on their chil- 
dren of the future. They may compress two years of a child’s his- 
tory on one side of a ruled half-sheet of foolscap paper if they cause 
each successive line to stand for a successive month, beginning from 
the birth of the child; and if they mark off the measurements by lay- 
ing, not the 0-inch division of the tape against the edge of the pages, 
but, say, the 10-inch division—in order to economize space. 

The steady and pitiless march of the hidden weaknesses in our 
constitutions, through illness to death, is painfully revealed by these 
histories of twins. We are too apt to look upon illness and death as 
capricious events, and there are some who ascribe them to the direct 
effect of supernatural interference, whereas the fact of the maladies 
of two twins being continually alike shows that illness and death are 
necessary incidents in a regular sequence of constitutional changes, - 
beginning at birth, upon which external circumstances have, on the 
whole, very small effect. In cases where the maladies of the twins 
are continually alike, the clock of life moves regularly on, governed 
by internal mechanism. When the hand approaches the hour-mark, 
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there is a sudden click, followed by a whirring of wheels ; the moment 
that it touches it, the stroke falls. Necessitarians may derive new 
arguments from the life-histories of twins. 

We will now consider the converse side of our subject. Hitherto 
we have investigated cases where the similarity at first was close, but 
afterward became less; now we will examine those in which there 
was great dissimilarity at first, and will see how far an identity of 
nurture in childhood and youth tended to assimilate them. As has 
been already mentioned; there is a large proportion of cases of sharply; 
contrasted characteristics, both of body and mind, among twins, |] 
have twenty such cases, given with much detail. It is a fact that 
extreme dissimilarity, such as existed between Esau and Jacob, is a 
no less marked peculiarity in twins of the same sex, than extreme 
similarity. On this curious point, and on much else in the history 
of twins, I have many remarks to make, but this is not the place to 
make them. 

The evidence given by the twenty cases above mentioned is abso- 
lutely accordant, so that the character of the whole may be exactly 
conveyed by two or three quotations. One parent says: “They have 
had exactiy the same nurture from their birth up to the present time; 
they are both perfectly healthy and strong, yet they are otherwise 
as dissimilar as two boys could be, physically, mentally, and in their 
emotional nature.” Here is another case: “I can answer most de 
cidedly that the twins have been perfectly dissimilar in character, 
habits, and likeness, from the moment of their birth to the present 
time, though they were nursed by the same woman, went to schoo, 
together, and were never separated till the age of fifteen.” Here 
again is one more, in which the father remarks, “They were curious- 
ly different in body and mind from their birth.” The surviving twin 
(a senior wrangler of Cambridge) adds: “A fact struck all our school 
contemporaries, that my brother and I were complementary, so te 
speak, in point of ability and disposition. He was contemplative, 
poetical, and literary to a remarkable degree, showing great power 
in that line. I was practical, mathematical, and linguistic. Between 
us we should have made a very décent sort of a man.” I could quote 
others just as strong as these, while I have not a single case in which 
my correspondents speak of originally dissimilar characters having 
become assimilated through identity of nurture. The impression 
that all this evidence leaves on the mind is one of some wonder 
whether nurture can do any thing at all beyond giving instruction 
and professional training. It emphatically corroborates and goes far 
beyond the conclusions to which we had already been driven by the 
cases of similarity. In these, the causes of divergence began to act 
about the period of adult life, when the characters had become some- 
what fixed; but here the causes conducive to assimilation began to 
act from the earliest moment of the existence of the twins, when the — 
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disposition was most pliant, and they were continuous until the period 
of adult life. There is no esvape from the conclusion that nature 
prevails enormously over nurture when the differences of nurture do 
not exceed what is commonly to be found among persons of the same 
rank of society and in the same country. My only fear is, that my 
evidence seems to prove too much, and may be discredited on that 
account, as it seems contrary to all experience that nurture should 
go for so little. But experience is often fallacious in ascribing great 
effects to trifling circumstances. Many a person has amused himself 
with throwing bits of stick into a tiny brook and watching their 
progress ; how they are arrested, first by one chance obstacle, then by 
another; and again, how their onward course is facilitated by a com- 
bination of circumstances. He might ascribe much importance to 
each of these events, and think how largely the destiny of the stick 
had been governed by a series of trifling accidents. Nevertheless 
all the sticks succeed in passing down the current, and they travel, 
in the long-run, at nearly the same rate. So it is with life in respect 
to the several accidents which seem to have had a great effect upon 
our careers. The one element, which varies in different individuals, 
but is constant in each of them, is the natural tendency; it corre- 
sponds to the current in the stream, and inevitably asserts itself. 
More might be added on this matter, and much might be said in 
qualification of the broad conclusions at which we have arrived, as 
to the points in which education appears to create the most perma- 
nent effect : how far by training the intellect, and how far by subject- 
ing the boy to a higher or lower tone of public opinion; but this is 
foreign to my immediate object. The latter has been to show broad- 
ly, and, I trust, convincingly, that statistical estimation of natural 
gifts by a comparison of successes in life is not open to the objection 
stated at the beginning of this memoir. We have only to take 
reasonable care in selecting our statistics, and then we may safely 
ignore the many small differences in nurture which are sure to have 
eharacterized each individual case—Frazer’s Magazine. 


THE FORMATION OF SAND-DUNES. 
By E. LEWIS, Jp. 


N the south shore of Long Island there intervenes between the 
uplands and the ocean a narrow beach on which the waves con- 
tinually break. It is composed chiefly of clean, grayish-white, sili- 
cious sand. Other matters present are mica, garnet, and magnetic- 
iron sands, but, excepting a few localities, these are not in quantity 
Sufficient to alter the general character of the beach. The sand-grains 
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are small; some of them exceedingly minute. We found, in spe- 
cimens of drifted sand, 1,920 particles in the weight of a troy grain. 
This will give, for a pound avoirdupois, more than 13,000,000, and 
about 1,450,000,000 in a cubic foot of sand. The comparison of a 
“creat multitude” to the “sands of the sea-shore” is wonderfully 
vivid and impressive. Examined by the aid of a microscope, these 
delicate grains are seen to have lost the sharp, angular features of 
broken quartz, and closely resemble pebbles, irregular in form, but 
smooth and rounded. They are wave-worn bowlders on a small scale, 

This beach, which is seldom more than one-third of a mile broad, 
constitutes the coast-line from Coney Island at the entrance to New 
York Harbor, to the Nepeague Hills, a distance of about one hundred 
miles, but broken by occasional inlets through which the tides ebb 
and flow. Throughout this distance, scarcely a pebble of any consid- 
erable size occurs. Mather, in the “Geological Survey of the State 
of New York,” commenting on this magnificent beach-line, says, “ In 
Europe, there is no deposit of a similar character to compare with it 
in extent.” 

Eastward from the Nepeague hills, which are of sand, along the 
ocean-side of Montauk Point, high bluffs of bowlder-drift reach the 
shore, strewing it with their falling débris. Here may be seen on a 
grand scale the process by which rocks are transformed into the fine 
sand of which the beach is composed. The waves throw their whole 
force upon the shore, carrying forward with tremendous roar tons of 
bowlders and pebbles which roli back as the waves recede. This pro- 
cess is repeated with every wave. The stones thus rolled and tossed 
lose something of their volume, and scarcely one can be found that 
does not show signs of disintegration and decay. All of them are 
penetrated by moisture, some are fractured by frost, and others, weak- 
ened by chemical changes, are dashed in pieces. The sand-beach rep- 
resents the silicious matters of these comminuted rocks, Its position 
along the coast is determined by the set of the waters, but its contour 
of sand-hills is determined by winds. These, in their endless play, 
have carved it into every form possible to drifting sands. Mather 
observed that “ where the beach is above the reach of the surf, it is 
covered by a labyrinth of hillocks of drifting sand, imitating almost 
all the varieties of form which snow-drifts present after a storm.” 
These are sand-dunes, or dunes, as they are termed by Lyell, and their 
surprising mobility, in the ever-changing direction and force of the 
winds, is a subject of scientific and popular interest. 

Everywhere on the beach, in a dry, windy day, the sand-grains on 
the surface are in motion. They are not carried through the air like” 
dust, except to a limited extent, when the winds are violent, but roll 
or bound along the surface. Their motion, therefore, represents t0 
the eye, although less perfectly than snow or dust, the miotions of the 
invisible air. 
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The dunes are built up by slow accretions, and at the top the sand- 
grains are smaller than at the bottom. The process by which they 
are formed is a continual rolling of sand-grains up-hill by wind-force, 
and it is obvious that the lightest ones will attain the greatest eleva- 
tion. These, too, are the ones that, on reaching the top of the hil- 
lock, roll over on the protected side of the dune, and there form a 
mass of fine sand. But the winds are not uniform in force, and a con- 
sequence is, the dunes are laminated in their structure, coarse and 
fine layers alternating. The winds change in direction too, changing 
the position of the sands, and thus the dunes are not only laminated, 
but irregularly bedded in their structure, closely resembling in this 
respect that of beaches formed by the plunge and fiow of waves. 
Both structures simply represent wave-motions, one of the water, the 
other of the air. Fig. 1 represents a section of a large sand-dune, 
and Fig. 2 a similar but coarser formation hardened into sandstone. 












































Fie. 1.—Szcrion or a Sanp-HiL., THE STRUCTURE OF WHICH MAY HAVE BEEN PRODUCED BY 
THE ACTION OF WAVES OR WIND. 





Fie. 2.—SECTION OF STRATA OF SANDSTONE. 


The exterior form of a dune undergoes continual change in dry 
weather from gravity. The grains of sand roll down its sides until 
the fine traces of wind-sculpture are obliterated, and a somewhat . 
uniform outline is obtained. It is found that in case of dry sand the 
angle the side of the dune will finally assume is about 32°. But the 
winds rarely permit regularity in the form of dunes. A slight breeze 
becomes a strong one when it rises to the top of an obstacle, or is 
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turned around it, and every dune, however small, becomes a means of 
so distributing the air-waves that their force and eroding power are 
increased. From these and similar causes, the contour of the mobile 
sand-hills is scarcely more permanent than that of the waves in whose 
spray they lie. But it is the dry sand only that is put in motion by 
the winds; only a few inches below the surface it is uniformly moist, 
and on that account somewhat adhesive. This moisture above where 
the sand is saturated is capillary water, that is, water held by the 
attraction of the sand-grains, and is about thirty per cent. of the mass 
by weight. It rises through the sand to the surface as evaporation 
goes on, and thus in this climate of rainfall the dunes are rendered 
more permanent than on rainless deserts. 

The formation of a sand-dune seems a simple process, and it is 
surprising how small an object may be the nucleus of one, and indi- 
rectly of a series of them. A bush, or tuft of grass, or only a twig, 
as we have seen, raised above a level surface, breaks the force of the 
wind, and immediately the sand-grains, which are rolling along the 
surface, are arrested, and form a minute hillock on the windward side 
of the obstacle. This increases in size—the sand-grains, as before ob- 
served, are driven up its slope, and fall on the sheltered side. The 
mound thus formed produces currents and eddies in the moving air, 
and the form and position of other hillocks are determined by the 
new conditions, By the means indicated, dunes are formed on our 
narrow beaches thirty feet high; but there are dunes on our coast 
much higher than that, as will presently be noticed. Their size de- 
pends mainly on the abundance and condition of the material, and ex- 
posure to winds. On the coast of France they attain a height of 225 
feet, and on the Atlantic border of the Sahara Desert are more than 
twice that elevation. But the desert sands are exceedingly fine and 
dust-like from attrition, and move in greater volume than is possible 
for the coarser sands of our coasts. They are whirled and tossed in 
the gale like dense smoke, but nowhere do they roll on as do waves 
of the ocean, as is sometimes stated. The transition of a sand-dune 
is by transfer and deposition of the individual particles of which it is 
composed, 

A wonderfully vivid description of a sand-storm is given by Mr. 
Southworth, in his “ Four Thousand Miles of African Travel:” “I 
was sitting at my table in the midst of the glorious sunshine of Af- 
rica, Slowly the southern horizon began to grow obscure. A huge 
mountain of sand, growing grander and grander, advanced rapidly. 
. .. The doom-palms and date-trees, frosted with clouds of white 
birds, the spires and minarets slowly losing their outlines in the dense 
obscurity. . . . It came nearer and nearer. Its front was absolutely 
perpendicular. To breathe was difficult and oppressive, and it was 
darker than the darkest night I ever knew. Sand covered the ground 
to the thickness of an inch.” 
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It is easy to see that this more accurately describes a dust-storm 
than it does the movement of sand on our beaches. It is the fine 
material only which is thus swept through the air. The coarser sands 
are driven along the surface, and constitute the hills of the desert, 
and they are built up as similar ones are of the still coarser sands of 
our coast. Grain by grain they rise at the touch of the invisible 
architect. This is true not only of the great dunes, but of the smaller 
ones, or ripple-marks, which cover the surface of the sands. These 
beautifully cut and wavy furrows represent the undulatory movement 
of the air. With a full breeze, they are all seen to be in motion. The 
grains hop and bound along as the air passes, and the form shown in 
Fig. 3 is the one which the sands continually assume. But, even while 


ee a eer 


Fie. 3. 





we watch, each little ridge or mound has been transferred to the space 
which was a furrow only a few moments before. 

These sand-ripples rise on the sandy floor, however level and 
smooth they may be, as the wind in passing strikes it, in a series of 
wave-like undulations. 

Ripple-marks thus formed are, sometimes, as we have witnessed, 
covered by drifting sand, and are retained with wonderful distinct- 
ness, when the material is hardened into sandstone, All the vast 
beds of this material existing in the crust of the globe are but the 
compacted ruins of rock still older, and their furrowed tablets re- 
peat to our eyes the rhythmic beat of winds and waters in ages long 
past. Fig. 4 represents a slab of sandstone covered with ripple-marks, 
evidently produced by water, but which differs in form only from 
those produced by wind. 

Sand-dunes are not only blown away piecemeal, but the winds 
pour upon their flanks a ceaseless shower of sand, and, as the frail 
masonry gives way, the falling grains are caught and carried on by 
the gale. By this natural sand-blast rocks are sculptured on the 
highlands of the Rocky Mountains, and the glass of windows on ex- 
posed beaches is sometimes cut through. 

On the north side of Long Island, upon the banks along the Sound, 
are a great number of sand-hills from twenty to eighty feet high. The 
banks are of glacial drift, with bowlders of immense size, and eastward 
of Port Jeffersin Harbor, for upward of forty miles, are crowned in 
many places by these broken, desolate hills. In some places they ad- 
vance slowly inland. A farm, near the village of Baiting Hollow, in 
Suffolk County, has lost from this cause thirty acres in half a century. 
Other farms have lost valuable land in a similar way, and we are in- 
formed that, during the time mentioned, 100 acres of arable and tim- 
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ber land have been inundated, and are now deeply covered with 
drifting sand in this immediate neighborhood. At this point is the 
great dune known on the Coast Survey charts as Friar’s Head. Its 
top is 150 feet above tide, but it stands on the bank which is half 
that height, so that 75 feet of that elevation is drifting sand. It 
was originally formed many yards inland, as others are continually 





Fie. 4.—Sias oF RIPPLE-MAREED SANDSTONE. 


forming, but, by the ceaseless wearing away of the bluffs, it is now 
upon their brink. It is evidently of considerable age, as its wind- 
ward slope is covered by a thick growth of beach-grass, bayberry and 
other bushes, with stunted trees of beach and cedar quite at its top. 

From this point the weird architecture of the sand-hills is singu- 
larly impressive. There is formed, to the southeast of Friar’s Head, 
a great semicircle of sand, between which and the dune is a floor of 
several acres in extent swept by the winds. This floor, the original 
surface of the drift now laid bare, is rich in the remains of an old In- 
dian settlement. Hundreds of specimens—including arrow-heads of 
flint, jasper, and quartz, axes of various sizes, and other articles of 
utility—have been picked up. 

The sand blown from this spot and from the flanks of the dune 
constitutes the semicircular wall spoken of. It is one-eighth of a mile 
inland, and lies directly against a forest of oak and pine, burying 
many of the trees to a height of thirty to forty feet, only their dead 
and barkless tops being visible. On the surface of these sands beach- 
grass of several kinds, and young pine-trees (Pinus rigida) maintain 
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a doubtful struggle for life. This dune does not materially differ 
from a very large number which cover the banks on the north shore 
of Long Island. Their source is the débris of the banks reduced to 
sand by the action of the waves. The lighter portions of this sand 
are carried up the slope during fierce winds, and the process is now in 
operation during every gale. The present forests may delay, but can- 
not arrest, the final inundation of the land where the sand-hills crown 
the coast. In Europe the maritime pine and other species of plants 
whose habitat is the silicious sand have not only arrested the move- 
ment of it, but have covered immense areas of waste land with valu- 
able forest. Our native pitch-pine, the Pinus rigida above mentioned, 
also flourishes on the most sandy soils. There is proof that it formerly 
grew on portions of the south beach of Long Island, where its foliage 
was moistened by the spray of the ocean, nor does the occasional 
overflow of the tides soon destroy it. If these ‘trees are planted 
abundantly over the surface of these broken hills of sand, their move- 
ment would be delayed if not permanently arrested, The sands lie 
motionless where the force of the wind is broken. 
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SKETCH OF SIR CHARLES WHEATSTONE. 


Bp senaey WHEATSTONE was born in the city of Gloucester, 
England, in 1802. In boyhood he attended a private school in his 
native town, but, while still a lad, he quit school and devoted himself 
to mechanical pursuits, adopting the trade of a maker of musical in- 
struments, At about the age of twenty-one years he went to London, 
and there set up in business on his own account. Here the young 
tradesman evinced a strong liking for scientific research, endeavoring 
to find out the principles involved in the various forms of musical 
instruments. He was thus led to the study of acoustics, a branch of 
science which he cultivated with rare success. His singular mechan- 
ical ingenuity enabled him to repeat and extend the experimental 
results of prior investigators, and the first fruits of his scientific re- 
searches were communicated, in 1823, to the Annals of Philosophy, 
in a paper entitled “ New Experiments on Sound.” Other essays on 
the phenomena of sound were published by him from time to time; 
thus, in 1827, he contributed to the Quarterly Journal of Science two 
papers, the one “ Experiments on Audition,” the other a “ Description _ 
of the Kaleidophone.” In 1828 he published in'the same journal a 
paper entitled “ Resonances of Columns of Air ;” in 1831, “ Transmis- 
sion of Sounds through Solid Linear Conductors” (Journal of the 
Royal Institution) ; and the same year read at the meeting of the Brit- 
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ish Association papers on “ Purkinje’s Figures,” and on “ Bernouilli’s 
Wind Instrument.” These were followed by papers on “ Chladni’s 
Figures” (1833, “ Philosophical Transactions”), and “Imitation of 
Human Speech by Mechanism” (“British Association Report,” 
1835), 

The numerous analogies between the phenomena of sound and those 
of light early led him to the study of the latter subject. Here, again, 
his remarkable ingenuity as a mechanician came into play. He under- 
took to measure the velocity of electricity, and for this purpose he 
invented the method of revolving mirrors; in this way it was shown 
that the electric current travels at the rate of 288,000 miles per second. 
These results were published in the “ Philosophical Transactions” in . 
1834. While engaged in these researches he observed that the sparks ' 
emitted from different metals under the influence of electricity differed 
from one another in color, “ thus shadowing forth,” says M. Dumas, 
“the discovery of the spectroscope.” In the “ British Association Re- 
port ” for 1835 is a »aper by Wheatstone on “ Prismatic Decomposition 
of Electric Light.” and in the Philosophical Magazine (1837) one on 
the “ Thermo-ele:tric Spark.” He had been appointed Professor of 
Experimental Filosophy in King’s College, London, in 1834, and in 
June, 1836, in i.is lectures on the velocity of electricity, which were 
illustrated by experiments with a circuit. of copper wire nearly four miles 
in length, he proposed to convert this apparatus into an electric tele- 
graph. At this time Wheatstone was not aware that Prof. Joseph 
Henry had five years previously: transmitted signals by means of an 
electro-magnet through a wire more than a mile long, causing a bell 
to sound at the farther end of the wire. In May, 1837, Charles 
Wheatstone and William Fothergill Cooke (afterward knighted) took 
out a patent “for improvements in giving signals and sounding alarms 
in distant places by means of electric currents transmitted through 
metallic circuits.” The first public line of telegraph was constructed 
on the Blackwall Railway in the following year. 

While investigating the laws of light, Wheatstone was very natu- 
rally led to consider the phenomena of vision, and in 1838 he published 
in the “ Philosophical Transactions ” two papers entitled “ Physiology 
of Vision ” and “ Binocular Vision.” In the latter he explained the 
principles of an instrument invented by himself, the stereoscope. 
This invention was by no means the result of chance, but the fruit of 
profound study of the physiology of vision. In this matter Wheat- 
stone’s merit is unquestioned. Other papers on the phenomena of 
vision are, “ Juxtaposition of Several Colors ” (1844); a second com- 
munication on “ Physiology of Vision” (1852); “ Binocular Micro- 
scope ” (1853) ; “ Fessil’s Gyroscope ” (1854). 

In the “ Proceedings of the Royal Society ” (1840) is an article by 
Wheatstone, on an “ Electro-magnetic Clock,” in which he shows howa 
number of clocks, situated at a distance from one another, may be act- 























SKETCH OF SIR CHARLES WHEATSTONE. 365 


uated by one central clock. In Comptes Rendus (1845), he explained 
the principle of an electro-magnetic chronoscope. Subjects connected 
with telegraphy and electricity are treated in papers entitled “ Elec- 
tro-magnetic Telegraph” (1840); “Constants of Voltaic Circuit ” 
(1843) ; “ Meteorological Registers” (1844); “Submarine Cable of 
the Mediterranean” (1854-55); “Aluminium in Voltaic Series™ 
(185455) ; “ Automatic Telegraphy ” (1859). To complete the list 
of his papers, we name a “ Letter to Colonel Sabine on Meteorologi- 
cal Instruments ” (1842); “ Determination of Solar Time by Polari- 
zation ” (1848) ; “ Foucault’s Rotation of the Earth ” (1851); “ Pow- 
ers for Arithmetical Progression ” (1854-55) ; “ Report on Captive 
Balloons ” (1863). 

Wheatstone was chosen Fellow of the Royal Society of London 
in 1836. He was a juror in the class for heat, light, and electricity in 
the Paris Exposition Universelle, 1855, and was then appointed a 
knight of the Legion of Honor. In 1868 he received the honor of 
knighthood from Queen Victoria, and the same year was awarded the 
Copley medal by the Royal Society for his researches in acoustics, 
optics, electricity, and magnetism. He was made LL. D. by Edin- 
burgh University in 1869. In 1873 he was elected a corresponding 
member of the Paris Académie des Sciences, in the place of Baron 
Liebig, deceased. He was also a member of the chief scientific asso- 
ciations and academies of Europe. 

Prof. Wheatstone was married in 1845. His death took place at 
Paris, on the 19th of October, 1875. He left a numerous family. 

In a brief memoir published in the Academy, Mr. C. Tomlin- 
son, who was an intimate friend of Wheatstone, states that the latter 
never obtained eminence either as a writer or as a lecturer: before a 
large audience he was nervous and hesitating, but in familiar conver- 
sation his ideas “ would flow so pleasantly and so lucidly, that one 
could not help reflecting that, if all this had been put into a lecture, 
Wheatstone might have become a successful rival even of Faraday.” 
On such occasions he spoke unreservedly of the scientific work in 
which he happened to be engaged, and in this way other men often 
pilfered his ideas, and took the credit to themselves, On one occa- 
sion at least, Wheatstone recognized his error, for he paid ten guineas 
for a piece of apparatus for the purpose of stopping the inventor’s 
mouth, said “inventor” having derived the idea of it from Wheat- 
stone himself. 
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CORRESPONDENCE. 


INFIRMITIES OF SPEECH. 

To the Editor of the Popular Science Monthly: 
es article in the August number of the 
Monraty upon “ Infirmities of Speech ” 
was a stimulant to much curious reflection. 
A true student of character will see, among 
the men and women he meets in the parlor, 
idiosyncrasies of speech and manner that 
are common to quite a large class of people. 
Dr. Trousseau’s patient was but one of many. 
The wife of a physician of this city, former- 
ly an inspector of the Board of Health, cre- 
ated much merriment among acquaintances 
by the singularity of her answers to the 
simplest questions. Nearly every expres- 
sion was a comparative one. To a stran- 
ger her conversation appeared of the qual- 
ity of humorous extravagance. Upon one 
occasion she was asked the condition of a 
friend who had been a long time sick. 
“ Oh, she’s about like the lid of a stove,” 
was the reply. This excited laughter, but 
was unsatisfactory. ‘“ Was she feverish?” 
“No.” “ Was she ina chill?” ‘ No, she 
was just like the lid of a stove, don’t you 
understand?” Her husband explained the 
expression by saying that the sick friend 
was exceedingly nervous, and that his wife, 
in making the comparison, alluded to the 
dancing of a tea-kettle on a hot stove. From 
early girlhood she had employed this ex- 
pression, to the exclusion of the correct one. 
In their reminiscences, Charles and Mary 
Cowden Clarke mention a similarity in the 
speech of-George Dyer. With a question, 
answer, or other observation, he would be- 
gin intelligently ; after a few words, fill in 
the space of several others with a series ef 
abd’s, as if choking, and, in concluding, 
would invariably use “ Well, sir, but, how- 
ever.” A gentleman of rich culture and 
high professional eminence has used “ and 
consequently” since he was a boy, when- 
ever he exhausted breath in his rapid 
speech, was unable to grasp the correct 
word, or was interrupted. He was, and 
still is, unconscious of this peculiarity. He 
will so designate a man, a woman, a piece 





of furniture, or any object whose proper 
name is for the time hidden. This habit, 
as the untutored would denominate it, is so 
apparent that a stranger would detect it in 
five minutes. 

The ability to always use the best words 
to give force to an idea is possessed by so 
few, that the promiscuous gathering of 
words, if not too idiotic, is charitably 
passed over without remark. 

A young lady, whose company is much 
solicited for the graces of her mind, under- 
goes a most piteous embarrassment from 
the effects of this infirmity. In the early 
part of the evening her choice of words will 
be faultless ; and she will render a criticism 
or narrative with an enviable flow. But, 
later, she becomes nervous, hesitates, stud- 
ies her words, trips, and then stumbles on 
to the climax with nouns, adjectives, ad- 
verbs, and verbs that darken, instead of 
illumine, the “ point.” It is but a few 
evenings ago that, in speaking of the influ- 
ence of Hans Christian Andersen’s tales, 
she said: “‘ Now, how few writers are capa- 
ble of so effectively consolidating the con- 
tradictory impulses that arise in a child’s 
mind! No, I mean so effectively con— 
con—well, mix up will oil.” And, when 
conciliate was mentioned, she said that was 
the word she desired. If she ventured 
upon a further observation the infirmity 
increased, so far as to leave her sentence & 
hopeless wreck. 

Many will say this is a habit, and only 
becomes an infirmity by being allowed too 
free scope. Still, the best-educated people 
are subject to it. 

To carelessness is attributed another 
peculiarity, not of speech, but of action. 
The physician before alluded to was unable 
to page his manuscript of stenographic re- 
ports of lectures before the College of Phy- 
sicians and Surgeons. The figure.-8 was 
always uppermost in his mind, and all but 
the first page would have that numeral in 
the upper left-hand corner. When arrang- 
ing the pages for eyelets or tape, he was 
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obliged to read over each one; and he was 
not assured of the sequence until the mass 
had been examined by another. 

Some writers fasten their best thoughts 
when penning with the greatest haste. 
Their manuscript, like that of many careful 
authors, contains either neglected or erased 
words—terminations that appear perfectly 
inexcusable. Think of a scholar tracing 
with a rush fized, and then adding tion, or 
satisfying himself with hermeticly ; and yet, 
in overlooking thousands of pages of copy 
prepared by authors who would have a de- 
lirium if the slightest typographical error 
appeared in the “ revise,” I have stricken 
out countless terminations and intermediate 
syllables und letters—not specimens of bad 
spelling, so called—that looked like gram- 
matica] refugees, so fur were they from their 
proper place. 

Again, in writing, the pen does appar- 
ently just what the organs of speech do 
when certain words are to be produced, 
In the most delightful stage of composition, 
when the brain and the pen jog on com- 
fortably together, it will often be found, on 
looking back a few lines, that a stranger 
has turned up who the author is positive 
has no right in such company. There it is, 
winking at a clever trick that the subject 
cannot explain. 
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Here the writer possesses the memory 
of words and the memory of how to use 
words. But, while the mind is being 
tickled with the successful unfolding of a 
pet theory, or the attractive draping of an 
important idea, the pen surreptitiously lets 
in an unblushing beggar. 

In writing, the brain will order the pen 
to inscribe a certain word, and, with volu- 
minous authors, that nimble servant will 
frequently transfix an unsuspected one be- 
fore the outrage is detected. 

Now, as in the case above, the author 
possesses the knowledge of the exact word 
that is desired; but an incorrect one ap- 
pears. Neither the memory is lost, nor the 
ability of utilizing it. Think of the results, 
when the proof-reader strides through the 
idea, and buries a still more uncongenial - 
word in the prettiest passage. 

Recognized carelessness causes omission 
of words, curtailment of words, and often- 
times incorrect spelling. It is only the 
carelessness that is not recognized that 
takes a fancy to giving a word more letters 
than it craves, changing favorite words at 
birth, and placing before the eye a stone 
when bread is wanted. 


G. J. Hagar. 





New Yorr, August, 1875. 
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THE CASE OF GUIBORD. 
LL over the world, in all times of 
which we know any thing, and 
among tribes of men of every grade, the 
most intense and powerful feelings of 
human nature have gathered around the 
dead, the graves where they are buried, 
and the rites of sepulture. Besides the 
ties of affection that are sundered by 
death, and which are often so deep and 
strong that their rupture leaves life a 
desolation, the imagination is also 
brought into exalted activity, and reli- 
gious hopes, fears, and anxieties, and 
the terrors of superstition regarding a 
future life, combine to heighten the sol- 





emn interest of the occasion. As men 


are ruled through their feelings, and as 
the more powerful the feelings the more 
complete is their subjection to those 
who can skillfully work upon them, it 
is not to be supposed that these potent 
emotions concerning the dead would 
remain unutilized by parties ambitious 
of influence over the consciences and 
conduct of men. It is an important 
part of the polity of the Roman Cath- 
olic Church to use the powerful senti- 
ments that are associated with death, 
the dead body, and the grave in which 
it rests, for the promotion of the objects 
of ecclesiastical ambition. That corpo- 
ration assumes the prerogative of con- 
secrating or cursing the ground to be 
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used for the burial of the dead, as a part 


of people in the future world. And, 
for many centuries, this has been one of 
the most potent means of its influence. 


The case of Joseph Guibord, of Mont- | 


real, which has now perhaps reached 
its close, affords an instructive illus- 
tration both of the character of this 
old churchly assumption, of the tenacity 
with which it is still held, and of the 
vigor with which it is maintained wher- 
ever there is power to enforce it. The 
circumstances have been widely pub- 
lished, but it is desirable here briefly to 
recall the leading facts: 

A literary society in Montreal, known 
as the ‘“‘ Canadian Institute,” some years 
ago introduced into its library a num- 
ber of works that came under the ban 
of the Roman Catholic Church. The 
Bishop of Montreal disapproved them 
and commanded their exclusion, which 
being refused by the Institute, the bish- 
op appealed to Rome, and a papal de- 
cree was fulminated. The society re- 
maining contumacious, the bishop pro- 
nounced a’ ban upon its members ex- 
communicating them and forbidding 
them the last offices of the Church in 
“the article of death.” The conse- 
quences of this decree first fell upon 
Guibord, who died in 1869. His estate 
owned a burial-lot in the Catholic cem- 
etery of Notre-Dame, and the widow 
applied for ecclesiastical burial for her 
husband. This was refused: he could 
not be buried in his own lot, and the 
only place permitted for the remains 
was the unconsecrated part of the ceme- 
tery devoted to excommunicants, male- 
factors, suicides, and unbaptized infants. 
The case was then taken to civil trial 
and a long lawsuit followed; the Cana- 
dian Superior Court, the tribunal of last 
resort, deciding ultimately against the 
priest and trustees of the cemetery. 
This decision not being respected by the 
Catholic authorities, an appeal was ta- 
ken to the Privy Council, and a royal 
decree issued commanding the priest 
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and trustees of the cemetery to inter the, 
of its larger claim to control the destiny | mortal remains of Guibord in conse- 


crated ground. The priest replied that 
he was forbidden to do this by the 
bishop, and could not comply. An or- 
der was then served on him under the 
decree of the Privy Council, and the 
funeral appointed for the 2d of Sep- 
tember. The priest, however, refused 
to be present. The members of the 
** Canadian Institute ” and their friends, 
numbering about three hundred, ac- 
companied Guibord’s remains, from the 
vault of the Protestant cemetery where 
they had been placed, to the Catholic 
cemetery, where they were met by a mob 
of some five hundred French Canadians 
who closed and barred the gates, and 
refused entrance to the hearse, which 
was attacked with stones by the mob 
that had rapidly increased to about two 
thousand. They drove back the pro- 
cession with derisive shouts, filled up 
the grave, and tore down the cross at 
its head. 

The burial was thus defeated, and 
riotous demonstrations were continued 
for two or three days. Preparations 
were then made by the civil authorities 
for enforcing the burial, the military 
were called out to maintain order, and 
on the 16th of November, after six 
years of contention and delay, the body 
of Guibord was placed in his lot, the 
coffin being bedded in cement as a 
protection against the violation of the 
grave. 

We do not refer to these facts mere- 
ly as furnishing a new example of the 
inevitable collision that arises between 
the civil authority and the Roman Cath- 
olic Church wherever that organization 
feels able to assert its power—of which « 
so much has recently been said. But 
the case impressively illustrates a single 
and most interesting phase of this an- 
cient conflict. In the attempt to get 
the bones of an old man, long since 
dead, into their final and chosen rest- 
ing-place, a city is convulsed with riot, 
a whole province thrown into excite- 
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ment, a rancorous religious quarrel 
aroused, expensive legal proceedings 
entailed, and battalions of soldiers with 
muskets and cannon, have at last to be 
invoked to carry out the mandate of a 
judicial tribunal. All this has resulted 
from the action of an ecclesiastical body 
which for centuries has pursued this 
policy of using the graveyard and its as- 
sociated superstitions as a means of spir- 
itual domination and temporal profit. 
Guibord was in favor of having certain 
books in alibrary toread. His Church 
declared that he should not have them 
there. He adhered to his opinion, and 
the Church then declared that he should 
not have Christian burial. The appealto 
his superstitions was not strong enough 
to move him, but it thrilled the com- 
munity with a painful agitation, and for 
many centuries such appeals and threats 
have been powerful enough to intimi- 
date and keep in subjection countless 
millions of people. For more than a 
thousand years the Catholic Church has 
maintained its claim, against the civil 
authority, to the ownership and custody 
of the dead, and by attaching the place 
of interment to the church, by prohib- 
iting heretics from Christian burial and 
making it ignominious to repose in any 
but consecrated earth, and by digging 
up the bones of those who are alleged 
te have entertained false opinions, 
burning them and scattering the ashes 
to the winds or casting them into the 
floods, the Romish ecclesiastics have 
not only made the church-yard a copi- 
ous source of pecuniary emolument, bat 
“a vital portion of the material ma- 
chinery for enforcing spiritual obedi- 
ence and theological conformity.” 

The history of the antagonism be- 
tween the ecclesiastical and civil au- 
thorities, regarding the ownership and 
control of the dead, is of great interest; 
and a very able sketch of this subject by 
an eminent legal writer will be found 
in the present number of Taz Monraty. 
It is part of a report on the “Law of 
Burial” made to the Supreme Court of 
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the State of New York, by Hon. Sam- 
uel B, Ruggles. When Beekman Street 
was widened several years ago, a slicg 
of land was taken from the “ Brick 
Church” property to be converted to 
public use, and the ground thus appro- 
priated embraced certain vaults long 
ago constructed for the reception of 
the dead. The question arose in regard 
to the legal control and redisposition 
of the bodies contained in these vaults, 
and Mr. Ruggles was appointed as a 
referee to take evidence and make a 
report upon the subject, In this mas- 
terly document, he touched upon the 
historical aspects of the legal question, 
showing that the old view, held by the 
Roman and Saxon law, was that the 
civil authority had jurisdiction in the 
case, and that under the common law 
the bodies of deceased persons are sub- 
ject to the control of those next of kin. 
The Church, early in the days of its 
power, subverted this principle, and 
under the title of “ ecclesiastical cog- 
nizance”’ established its exclusive au- 
thority over the burial of the dead, and 
even carried its assumptions so far as 
to decree, not only who should be al- 
lowed to lie in consecrated earth, but 
who should be allowed to be interred 
at all! The part of Mr. Ruggles’s re- 
port which we reprint will be found 
of general interest to readers, and in a 
high degree instructive in connection 
with the Guibord case. 





SCIENCE IN GERMANY AND ENGLAND. 


Tue influence of national character- 
istics upon the pursuit of science is an 
interesting subject of observation and 
reflection. For while there is a broad 
general agreement among scientific stu- 
dents of all nationalities as to what 
science is, and the mental methods or 
processes involved in its extension, there 
is a marked diversity among the peo- 
ple of different countries in the organ- 
ized arrangements for its promotion, 
the feelings that impel its pursuit, and 
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may be called the outlying and adjoin- 
ving departments of thought, culture, 
and mental activity. The contrast, for 
example, between the’'Germans and the 
English in the policy and management 
of their great popular scientific associ- 
ations is, in various respects, striking 
and instructive, and an intelligent cor- 
respondent of Nature has lately drawn 
attention to some of their peculiarities, 
which are so suggestive as to deserve a 
special notice. 

The writer intimates that the “As- 
sociation of German Natural Philoso- 
phers and Physicians,” which was 
founded in 1822, is the original of the 
British Association, which was estab- 
lished some years later, and modeled in 
various respects upon the German pat- 
tern. Speaking of the late meeting 
which was held in September at Gratz, 
the chief town of Styria, in one of the 
most beautiful valleys of the Austrian 
Alps, after noting that the number of 
those in attendance corresponds very 
nearly with the average number of at- 
tendants at the British Association, he 
adds that, although this may be a merely 
fortuitous resemblance, yet “* both asso- 
ciations are convened for the same num- 
ber of days; both hold the same number 
of general and sectional meetings ; they 
resemble each other in the nature of the 
recreations offered to visitors—excur- 
sions, dinners, and concerts, to which, 
in Germany and Austria, are added 
balls and theatrical performances, while 
England has the private hospitality of 
its nobles and rich manufacturers and 
merchants to offer, which does not enter 
into the German programme, or cer- 
tainly does not appear in it to the same 
extent. A festivity of a peculiar char- 
acter, in addition to those named, was 
offered by the municipality of Gratz: 
an illumination by bonfires of the moun- 
tains surrounding the town, a sight of 
most impressive beauty.” 

The chief points of contrast in the 
proceedings of the two bodies are stated 
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the relations of scientific bodies to what | to be that, ‘‘ generally speaking, there 














are no evening meetings in Germany, 
and, the festivals being of a public na- 
ture (not depending upon private hos- 
pitality), the connection between the 
visitors is greater than it is at the Brit- 
ish meetings. The peculiarity of the 
German meetings is the absence of a 
president ; two chargés d'affaires being 
nominated to conduct the business of 
the Association—one a natural philoso- 
pher and the other a physician. The see- 
tions nominate new presidents for each 
of their daily meetings. A consequence 
of this arrangement is a certain want 
of formality. No retrospective intro- 
ductions (presidential addresses) are of- 
fered at the opening of the sectional 
meetings, no criticisms of the work of 
fellow-workers by more or less compe- 
tent critics, no sweeping remarks on 
the state of science in general. In two 
respects the British Association has an 
indisputable advantage over the Ger- 
man meetings. Those splendidly illus- 
trated evening lectures addressed io the 
general public, which form one of the 
attractions of the meetings in the United 
Kingdom, are not offered in Germany. 
Again, the funds of the German Asso- 
ciation are small; they are spent for 
the purposes of gach meeting, and no 
money can be given in grants for scien- 
tific purposes, as is done in Great Brit- 
ain. On the other hand, the German 
Association offers the advantage of a 
speedy publication of its transactions, 
Instead of publishing an annual volume 
long after the close of the meetings, the 
German Association offers a daily pa- 
per, giving the proceedings in a more 
or less condensed form, according te 
the notes given by members to the gen- 
eral or sectional secretaries. Gener- 
ally, some supplementary numbers are 
issued completing the report within one- 
month after the conclusion of the meet- 
ing.” 

The German scientists are further- 
more contrasted with those of England 
by their more pronounced repudiation 
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of utilitarian aims. English science has 
flourished under the stimulus of a press- 
ure from the practical arts which has 
powerfully influenced the direction of 
investigation; the problems being given 
by art are accepted by science for so- 
The eminence of England in 
commerce, navigation, manufactures, 
and locomotion, has impressed itself 
upon English science, which, while rec- 
ognizing its true work to be the in- 
crease of original knowledge and new 
discoveries, will yet not lose sight of 
the great practical results to be attained 
through such discoveries. German sci- 
ence, on the other hand, still influenced 
by the spirit of its barren philosophies, 
vehemently protests against this alli- 
ance with the practical and the useful. 
It is never done denouncing the sordid, 
bread-and-butter philosophy of the Eng- 
lish. In exemplification of this feeling, 
a passage is given from an address of 
Lieutenant Weyprecht on arctic explo- 
rations, in which he says: ‘ Originally 
it was the wish for material gain in the 
shape of fur and fish-oil that prompted 
arctic exploration. Later on, this cause 
was replaced by the ambition of geo- 
graphical discoveries, such as are easily 
understood by the general public. The 
running after this sort of fame gradually 
assumed such proportions that arctic 
exploration became a sort of interna- 
tional steeple-chase toward the north- 
pole, a system opposed to true scientific 
discoveries. Topographical geography 
must be subordinated, in arctic regions, 
to physical geography. Geographical 
discovery derives its value only from 
scientific discoveries connected with it. 
The exploration of the great and un- 
known latitudes near the poles of our 
globe must be continued without regard 
to the expenditure of money and of life 
which it demands. But itsulterior aim 
must be higher than the mere sketch- 
ing, and christening in different lan- 
guages, of islands, bays, and promon- 
tories buried in ice, and the mere 
reaching of higher latitudes than those 
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reached by our predecessors. One rea- 
son of the indifferent results of previ- 
ous expeditions 1s, that they have been 
unconnected with each other. The 
progress of meteorology consists in 
comparison, and every success it has 
obtained, such as the laws of storms, 
the theory of winds, etc., is the result 
of simultaneous observations. The aim 
of future arctic explorers must be to 
make simultaneous observations, ex- 
tending over the period ofa whole year, 
with identical instruments and accord- 
ing to identical rules. In the first place, 
they will have to consider natural phi- 
losophy and meteorology, botany, zoél- 
ogy, and geology, and only in the sec- 
ond place the discovery of geographical 
details. I do not intend.in what I said 
to depreciate the merits of .my arctic 
predecessors, whose sacrifices few can 
appreciate better than I do. In giving 
utterance for the first time to these 
opinions, which I have taken time in 
forming, I complain against myself, and 
I condemn the greater part of the re- 
sults of my own arduous labors.” 
Germany is again contrasted with 
England in the completeness with which 
science is separated from religion, a re- 
sult we should hardly have expected 
among a people so prone to philosophi- 
cal speculation. Their scientists pursue 
their investigations with but very small 
regard to the bearings they may have 
upon theological beliefs. The writer 
whom we have quoted gives an illustra- 
tion of this in a lecture delivered at the 
Gratz meeting by Prof. Benedict on the 
history of crime with regard to ethnol- 
ogy and anthropology. “He touched 
upon delicate ground, asserting that 
every action is based less on liberty 
than on compulsion; that our acts are 
governed by natural laws, and not by 
theological opinions; and that punish- 
ment may act as a corrective of per- 
verted human nature, but is chiefly the 
outflow of the desire of society to avenge 
wrongs inflicted uponit. The best pre- 
vention of crime depends upon the in- 
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crease of our knowledge of those cir- 
cumstances that necessarily engender it. 
In England a speech like this would, 
no doubt, have raised a storm of theo- 
logical indignation. In Germany the 
clergy is distinguished by its absence 
from scientific meetings. The separa- 
tion of natural science and orthodoxy is 
complete, and no opposition was there- 
fore offered to these remarks.” 

The tendency of English science to 
occupy itself more or less with religious 
questions has several causes. In the 
first place, there is a large and cultivat- 
ed clerical class whose professional du- 
ties are nominal, and who devote them- 
selves earnestly to scientific studies. 
These mingle in the scientific societies 
and associations, and bring with them 
the bias of theological doctrine. Much 
money has, moreover, been expended 
in England, in the way of prizes, to be 
given to writers for making scientific 
books, for the advancement of theologi- 
cal views; and, as shown by the Bridge- 
water treatises, some of the most emi- 
nent and influential scientific men have 
sanctioned this practice, which has been 
much imitated by others of inferior 
ability. Such a course could hardly 
fail to arouse reaction and stimulate 
controversy. But, besides these causes, 
a cause still more efficient has been in 
operation there, in the rise of a school 
of psychology, that has brought old and 
fundamental theological doctrines and 
dogmas into the arena of scientific scru- 
tiny, so that scientific men, in the per- 
formance of their duty as investigators, 
find themselves brought into collision 
with the “defenders of the faith.” 

But, while English science is much 
complicated with theology, it is but 
very little affected by politics. On the 
other hand, the political perturbations 
of German thought are deeply felt in 
its scientific assemblages. While Eng- 
lish science is laboring to free itself 
from undue theological influence, Ger- 
‘man science is struggling for freedom 
of thought from undue political influ- 
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ences. This was the burden of the 
opening addresses of the September 
meeting. The Association was formed 
upward of half a century ago, and the 
writer in Nature says that politics en- 
tered into the intentions of its founder 
—the celebrated Oken, Professor of Zo- 
dlogy at Jena—as well as of many of its 
original members. ‘‘ When German uni- 
ty was nothing but a treasonable aim 
of persecuted patriots, every meeting 
of Germans from different states served 
to spread and to give fresh vigor to this 
aim, and was in itself a protest against 
the division into small states of the 
common country, and against persecu- 
tions such as Oken himself has had to 
suffer. Ay, and even now, when the 
old wishes have been fulfilled, and no 
division separates government and na- 
tion, remains of the old political under- 
current can still be traced in some of 
these meetings.” 

The interest of German men of sei- 
ence in political subjects is, therefore, 
an incident of the disturbed condition 
of the people, rather than any tendency 
to the purely scientific study of political 
and social problems. 


We have a great amount of decla- 
mation on the dignity of mind, but we 
shall have a rational appreciation of 
that dignity just in proportion as we 
understand the laws of mind: what we 
need, therefore, is a broader and clearer 


apprehension of mental science. The 
attention of students of this subject is 
called to the weighty and suggestive ar- 
ticle which opens the present number of 
Tue Monraty, on “ The Comparative 
Psychology of Man.” It treats of a phase 
of the subject of great moment, but 
hitherto only slightly regarded. It will 
be evident to all readers that the view 
taken by the writer is one that must 


be permanently recognized in future 


if mental phenomena are to be inter- 
preted on strict scientific principles. 
But the article, moreover, remarkably 


“ 


. 
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exemplifies the close interdependence 
of the higher and more complex sci- 
ences. Those who have been slow to 
comprehend the alleged important bear- 
ing that psychology has upon sociology 
will see that the two subjects are so in- 
extricably invulved—the mental organ- 
ism and the social organism having 
been developed together by intimate 
interaction—that neither can be eluci- 
dated in a really scientific way without 
working out its relations to the other. 
The article affords an excellent illus- 
tration of the fruitfulness of investiga- 
tion from the genetic point of view. 
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CurrENCY AND Bankinc. By Bonamy Paice, 
Professor of Political Economy in the 
University of Oxford. Pp. 176. Price, 
$1.50. D. Appleton & Co. 

Tue author of this book is not a stranger 
to the American people. He made a tour 
of the country a year or two since, and was 
called upon at various points to express his 
views on currency and finance, which he 
did with a bluntness and pungency that 
made a deep impression upon his hearers, 
and upon all who read his well-reported ad- 
dresses, 
were sound and important, and that it 
would be an advantage to the country if he 
would give us a season of lecturing upon 
the subject. But, as he could not remain, 
he agreed to do the next best thing, which 
was, to prepare a little volume, to be pub- 
lished in this country, giving a condensed 
exposition of his views. This volume is 
now issued and will be widely read, as well 
for its vivid and racy controversialism as 
for its sound and instructive teachings upon 
the topics discussed. Besides the Appen- 
dix, it is divided into three parts: first, 
“Metallic Currency ;” second, “ Paper Cur- 
rency;” and third, ‘‘ What is.a Bank?” 
Prof. Price insists that there is really very 
little mystery about this subject that is gen- 
erally regarded as so mysterious; while he 
admits that there is more error and absurd- 
ity and stupid nonsense put forth regarding 
it than upon almost any other subject of 
current speculation. A main cause of this, 
he states to be, the credulous confidence 


It was felt by many that his views. 
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with which the public listens to the outgiv- 
ings of men whose authority comes not from 
any intelligent or scientific understanding 
of the subject, but from the circumstance 
that they deal in money and have a great 
deal of it, and much to do with it. But 
practical familiarity with business opera- 
tions, he maintains, is very far from con- 
ferring insight into the philosophy of such 
operations. A blockhead may make money, 
and make a parade of all the technical terms 
of finance, but know no more of the princi- 
ples of the subject than the veriest beggar 
who hardly sees a dollar from one year’s end 
to another.. Yet the public pricks up its 
long ears to listen to the oracular twaddle 
of brokers, bankers, merchants, and treas- 
ury officials, who only confuse and confound 
the subject with their discordant utterances. 
Such books as those of Price and Jevons 
will do much to clear away the fog that has’ 
gathered around monetary questions in this 
country, and they should be widely circu- 
lated and carefully read, especially by young 
men who would prepare themselves to take 
a useful part in public affairs. 


ELEMENTS OF MergoroLocy. Parr II,, Mr- 
TEOROLOGICAL Cyciss. By Joun H. Ticz. 
St. Louis, 1875. Pp. 208. Price, $2.50, 
WE have in Mr. Tice’s book another wild 

and fruitless attempt to explain all phenom- 
ena by electricity. As, in former times, 
unexplained phenomena were ascribed to 
magic or supernatural power, so in modern 
days the unscientific look to electricity as 
the efficient cause of all physical mysteries. 
The author of this book admits no force but 
electricity. Mechanics is a nightmare, cen- 
trifugal force is electric repulsion, the per- 
turbing force of a planet is only electric at- 
traction, and all the phenomena of our at- 
mosphere arise from electrical causes. 

The volume before us is Part IL, and 
from the preface we learn that Part I. has 
never been published ; we are, however, not 
left in doubt as to its contents. We are 
told on the first page that in Part I. we can 
learn “all about the nature and constitu- 
tion of rain and snow storms; all about 
cold and hot, wet and dry, seasons; and all 
about winds, gales, tornadoes, and hurri- 
canes.” If Mr. Tice has done half of what 
he claims, he has done enough to secure 
immortal fame. Nevertheless, after an ex- 





(374 


amination of Part II., we are seized with 
a violent longing to be spared from Part I. 
The special function of Part IT. is to estab- 
lish meteorological cycles and to promul- 
gate the theory of planetary equinoxes, on 
the strength of which Mr. Tice has made 
predictions which have gained for him con- 
siderable attention. It is unfortunate, how- 
ever, for his reputation that he ever vent- 
ured into print; for no one can give his 
book the most cursory examination with- 
out detecting its unsoundness. Lack of 
space forbids more than a brief outline of 
Mr. Tice’s theory. To point out all his 
errors in mathematics, physics, and astron- 
omy, his false assumptions and logical falla- 
cies, would require several pages. 

All phenomena are periodic. “The regu- 
lar recurrence of identical physical phenom- 
ena is an admitted fact.” Were the cycle 
known, we could tell just when the phe- 
nomena of the past would be repeated, 
Mr. Tice considers the discovery of a me- 
teorological cycle “ the most clamant desid- 
eratum of the age.” The discovery (?) of 
the Great Cycle was Mr. Tice’s first step in 
the science of meteorology. It is exactly 
11.86 years. He claims that this is estab- 
lished by the periodic phenomena of sun- 
spots, magnetic storms, cyclones, earth- 
quakes, auroras, etc., but fails to give us 
the process of reduction. This period is 
identical with Jupiter's year, and the infer- 
ence is that Jupiter is the cause of the 
cycle, which henceforth is called the Jovial 
Cycle. The idea of associating Jupiter 
with the eleven-year periods is not new, 
but we supposed it had been abandoned. 

Mr. Tice’s next stage is to prove that 
the phenomena of sun-spots, cyclones, etc., 
reach their maxima when Jupiter is at his 
equinoxes, and, of course, once every 5.93 
years. This proof Mr. Tice gives in full 
with immense satisfaction, quite uncon- 
scious of its having not even a presump- 
tion in its favor. Finding nothing in his 
astronomy of Jupiter’s equinoxes, he as- 
sumed that his solstitial points coincided 
with his points of greatest and least dis- 
tance from the sun (aphelion and perihe- 
lion), as is the case, approximately, with 
the earth. The same groundless and false 
assumption is afterward made for the other 
planets, and-such reasoning Mr. Tice calls 
“deduction from general principles” and 
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“telluric analogy.” Again, at its equi. 
noxes the earth is at its greatest distance 


north and south of the plane of the sun’s, 


equator: Mr. Tice infers that the same is 
true of all other planets. 


Mr. Tice calculates the equinoxes of the 


planets from their aphelia and perihelia, 
and accounts for the disturbing force of a 
planetary equinox on the supposition that 
the planet at its equinox is at its greatest 
distance from the solar equator, and hence 
exposed to only one pole of the sun. Thus, 
when the earth is at its vernal equinox, the 
north pole of the sun is invisible, and we 
are exposed to the full influence of its south 
magnetic pole. Terrific energy is then in. 
terchanged, disturbing both the atmosphere 
of the earth and that of the sun. The dis. 
turbances in the latter are communicated 
to the other members of the solar system. 
Similar results are produced at the autum. 
nal equinox by the sun’s north magnetic 
pole. When at their equinoxes the other 
planets undergo a like experience, and in- 
directly, through the sun, we share in the 
resultant electrical excitement. Such is 
the theory, and on such foundations does 
it rest. Historical records and the reports 
of the weather bureaus furnish endless con- 
firmations, for every storm finds an equinox 
to bear the responsibility. In order to in- 
clude all actual phenomena, the duration of 
an equinoctial period is put at one-fourth the 
planet’s year, so that each planet spends half 
its time in creating disturbances throughout 
the solar system. 

Not the least curious feature of the book 
is the adoption, into the family of planets, 
of the mythical Vulcan, supposed to have 
been discovered in 1859, and for a time 
believed to be a real planet, lying very near 
the sun. As nothing has been seen of it 
for the last dozen years, this looks very 
much like another assumption, of which, 
indeed, there appears to be no lack through- 
out the book. ; 


PROCEEDINGS OF THE SEVENTH ANNUAL SES- 
SION OF THE AMERICAN PHILOLOGICAL 
Association, held at Newport, R. L, July, 
1875. Hartford, 1875. 

Tne meeting of the American Philologi- 
cal Association, of which this pamphlet is: 
a record, was held at Newport, R. L, from 
July 18th to July 15th of this year.: It 
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was opened by an eloquent and suggestive 
address from the President, Dr. I. Hammond 
Trumbull, who reminded the Association of 
the urgent need of attentive study of the 
structure of the languages of our American 
Indians, a need all the more urgent as they 
have no written language, and as year by 
year they are passing away. The vexed 
question as to a change in th« ~ resent mode 
of spelling in English was als considered, 
and Dr. Trumbull avers that, while scholars 
agree on the question 0” the desirability of 
such a change, the main difficulty in the 
way of reform is the want of agreement 
among them as to the best way of effecting 
it. He says, “The objection that reform 
would obscure etymology is not urged by 
real etymologists ;” and the testimony of 
Hadley and Max Miller is quoted, sustain- 
ing this position, 

Again, the objection that words “ when 
decently spelled would lose their ‘ historic in- 
terest’ is equally unfounded. The modern or- 
thography is superlatively unhistorical. .. . 
The only history it can be trusted to teach 
begins with the publication of Johnson’s 
Dictionary.” The important recommendation 
is made that a list of words be prepared, 
“ exhibiting side by side the present and the 
reformed spelling,” such that prominent 
scholars in England and America would ree- 
ognize either form as allowable. 

This subject was referred to a com- 
mittee of five eminent philologists, who will 
report at the next annual meeting, and have 
liberty in the mean time to prepare such a 
list of words and cause them to be printed. 
This action assumes an additional interest 
from the fact that the State of Connecti- 
cut has already in contemplation such a 
ehange of spelling in its official reports and 
sournals, 

Important papers were read by Prof. 
Albert Harkness, Mr. A. C. Merriam, Prof. 
F. A. March, Prof. Franklin Carter, and 
others. 

Many of these are, of course, of quite a 
special nature: among those of more gen- 
eral interest may be mentioned Prof. March’s 
paper on “ The Immaturity of Shakespeare 
as shown in Hamlet.’’ Inthe report of Prof. 
March’s paper in the “Proceedings,” his 
analysis of the play, from this point of view, 
is brought into nine short propositions which 
are comprised within the limits of an octavo 





page. This brevity rather amusingly recalls 
Goethe’s prolix analysis of the same play 
in “V “helm Meister;” it is by no means 
certaic that Prof. March’s summary will not 
help the puzzled reader of Hamlet quite as 
much as Goethe’s chapters. 

Another paper of interest was by Mr. 
C. M. O’Keefe, of Brooklyn, “ On the Proper 
Names in the First Sentence of Casar’s 
Commentaries.” 


Anyvat Report or tHe Supervisinc Scr- 
GEON OF THE Marine Hospital SERVICE 
or THE UnitTep States, ¥oR THE FiscaL 
Year 1874. By Jonn M. Woopworrts, 
M.D. Washington, 1875. Pp. 256. 
Tuis report opens with a brief statement 

of what the Marine Hospital Service of the 

United States is; amount of collections and 

expenditures during the year; number of 

cases of disease and injury treated; and a - 
comparison of the figures with those of pre- 
vious years. Defects needing legislation ; 
cost of the service to the government ; port 
inspections and office dues; government 
hospitals; and preventive medicine in the 
service, are the subjects of succeeding sec- 
tions. Then follow seventy pages of statis- 
tics classified under two heads : first, finan- 
cial and economic; second, medical and 
surgical, Eleven papers under the follow- 
ing titles, and a copious index, occupy the 
last one hundred and fifty pages of the book: 

“The Hygiene of the Forecastle ; ” “ Ameri- 

can Commerce and the Service ;”’ “ Unsea- 

worthy Sailors ;” “Sailors and their Dis- 
eases in Chelsea Hospital;” ‘“ The Service 
on Cape Cod;” “The Freedman and the 

Service on the Ohio; ” “ Diseases.of River 

Men, their Causes and Prevention;” “ Pre- 

ventable Diseases on the Great Lakes; 

“Syphilis: the Scourge of the Sailor and 

the Public Health;” ‘“ Yellow Fever at 

Pensacola in 1874;” “The Yellow Fever 

Epidemic of 1873.” These papers are by 

different authors, and will be found of iu- 

terest by medical men. 


Toe Mecwanic’s Frienp. By W. E. A. 
Axon. New York: Van Nostrand. Pp 
389. Price, $1.50. 

Tue articles contained in this volume 
originally appeared in the English Mechanic, 
a practical magazine of sterling merit. The 
information may be relied on aé trustworthy, 
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and the problems solved are precisely such 
as arise for solution every day in the work- 
shop of the mechanic or the amateur handi- 
craftsman, We cannot better indicate the 
character of the work than by naming a few 
of the heads under which the matter it con- 
tains is arranged. Thus we have the head- 
ing “ Miscellaneous Tools, Instruments, and 
Processes,” which includes hints on the 
microscope, hydraulic press, drills, screw- 
propeller, etc. ; “‘ Cements, Glues, Varnish- 
es,” “Solders,” “ Metals,” “ Steam-En- 
gine,” “ Fire-arms,” “ Clock-work,” “‘ Glass,” 
“ House ard Garden,” “ Drawing and Mod- 
eling,” “ Photography,” ‘ Musical Instru- 
ments,” “ Electricity and Telegraphing.” 


Tue Mecnanicat Enoineer: His Prepara- 
TION AND HIS Work. By R. H. Tuurs- 
ton, C.E. Pp. 24. New York: Van 
Nostrand. 

Tus is an address to a graduating class 
of the Stevens Institute of Technology, by 
the Professor of Mechanical Engineering. 
Prof. Thurston, in the first place, recalls to 
the minds of the young engineers the rare 
educational advantages they have enjoyed 
at the Institute: very full instruction in 
mathematics and physics; in modern lan- 
guages ; the English language and literature; 
principles of engineering, and the practice of 
the arts connected therewith. So far, the 
students have been working at the founda- 
tion; the superstructure they must build by 
their own efforts. The professor exhorts 
them to be wide-awake, observant, conscien- 
tious, true to their clients, progressive, radi- 
cal in theory but conservative in practice, 
and diligent in study. 


Potitics as a Science. By Cas. REEMELIN. 
Cincinnati: R. Clarke & Co., Printers. 
Pp. 186. 

In this work the author well sustains 
the reputation he has long enjoyed of being 
a profound thinker. It contains the results 
of Mr. Reemelin’s meditations during many 
years—meditations reduced to writing from 
time to time without any definite intention 
of publishing—upon the laws and phenom- 
ena of politics. As reading corrected his 
views, these detached meditations were 
amended, and gradually the purpose ripened 
to gather them together and put them in 
permanent form, 
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MevanosiperttE: A New Mineral Species 
from Mineral Hill, Delaware County, 
Pennsylvania ; and on Two New Varie- 
ties of Vermiculites, with a Revision of 
other Members of this Group. By Jo- 


stan P. Cooke, Jr. From “ Proceed- 

ings of the American Academy of Sci- 

ences.” Pp. 12. 

Tue first of these pupers is a brief de- 
scription of the physical and chemical char- 
acters of a new mineral which, according | 
to the author, is closely related to the ses- 
quihydrates of iron. It contains about 
seventy-five per cent. of sesquioxide of iron, 
seven per cent. of silica, and thirteen per 
cent. of water, the remainder being alurcina, 

The second paper is a full account of 
the physical properties and chemical con- 
stitution of two new varieties of vermic- 
ulite, a mineral having a granular, scaly 
structure, and composed mainly of silica, 
alumina, magnesia, iron, and water. Its 
name is derived from the circumstance 
that, when heated, its scales open out into 
worm-like threads. 


On a Fora Manatee anp CeTacean, with 
Remarks upon the Affinities and An- 
cestry of the Sirenia. By Prof. Burr 
G. Witper. Reprinted from the Ameri- 
can Journal of Science and Arts. Pp. 
10. Illustrated. 

Tuts is a preliminary paper describing, 
with measurements, the external parts of a 
foetal manatee, a little less than three inches 
long; and a fetal cetacean but a trifle 
longer, and supposed to be the embryo of 
a porpoise or dolphin. Then follow some 
remarks on the affinities of the sirenia, in 
which the author, after referring to the . 
present state of opinion on the subject, 
gives reasons for viewing them as near re 
lations of the ungulates. 


EXAMINATION OF GASES FROM THE METEOR- 
ITE OF Fepruary 12, 1875. By A. W. 
Wrieut. Pp. 6. 


Pror. Wricut analyzed some fragments 
of the great Iowa meteorite of 1875, and 
the results of his investigation are given in 
the pamphlet before us. He finds the spec- 
trum of the gases contained in the meteor- — 
ite to closely resemble that of several of 
the comets. Other facts are cited to show 
that a comet is simply a meteorite of con- 
siderable magnitude, or a swarm of many 
of lesser size. 
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A Report on TrIcHINnosis, as observed in 
Dearborn County, Indiana, in 1874. By 
George Surton, M.D. Aurora, Indi- 
ana. Pp. 23. ; 

Tuis is a remarkably clear and interest- 
ing history of an outbreak of trichina dis- 
ease that was clearly traced to the eating 
of smoked but uncooked sausage. The 
disease was fatal in several cases, but the 
larger proportion of those attacked recov- 
ered, The author deseribes the symptoms 
of the disease, and the several modes of 
treatment that were adopted. The occur- 
rence led to an extended examination of 
the pork produced in several counties in 
Southern Indiana, when it was found that 
from three to sixteen per cent. of the hogs 
that came under observation contained tri- 
chine. Though full of important informa- 
tion for the doctors and the public, this 
paper is, for pork-eaters, any thing but 
pleasant reading. 


Preventive Mepicine. By C.C. F. Gay, 

M.D. Pp. 12. 

Tue author of this address defends the 
paradox that disease is the normal condi- 
tion, while health is the abnormal condition 
of our race. If this is the case, then pro- 
phylaxy and sanitation must be up-hill work 
indeed. Still to this work Dr. Gay does not 
hesitate to address himself, and his pam- 
phlet contains many timely observations on 
various insanitary conditions of modern life. 


Heatta FraGMents; or, STEPS TOWARD A 

True Lirz. By Georce H. Everett, 

M. D., and Susan Everert, M. D. New 

York: Charles P. Somerby. Pp. 306. 

Illustrated. Price, $2. 

Tats book contains a few good things, 
that have been said a hundred times before, 
and that are here scattered through a large 
amount of nonsense which might better have 
been left unsaid. 


Mrverat Deposits in Essex County, Massa- 
cHusEtTs, especially in Newbury and 
Newburyport; with Map. By Cuas. J. 
Brockway. Newburyport, 1875. Price, 
50 cents. 

Tuis is a pamphlet of ‘sixty pages, con- 
taining a popular account of the discovery, 
opening, and mode of working, of the new 
silver and lead mines in the locality named. 
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Ariat Locomotion; Perrigrew vs. Ma- 
REY. By Prof. Coucutriz. London, 
1875. Pp. 20. 

Ow the first page of this pamphlet the 
author says his object is to show that, not- 
withstanding certain apparent differences, 
Pettigrew and Marey essentially agree in 
their views on the subject of flight. But 
the real object, as it appears from the re- 
maining pages, is to prove by citations from 
both authors that Pettigrew anticipated 
Marey in most of his results, the latter, in- 
deed, having claimed as original a great deal 
for which he was clearly indebted to Dr. 
Pettigrew. It is the old fight over again 
concerning priority of discovery, and in this 
case, according to our present lights, Petti- 
grew appears to have the best of the battle. 


Hatr-Hovur Recreations mv Popctar Sct- 
EncE. Boston: Estes & Lauriat. Price 
per number, 25 cents. 

Noumaer 13 of this series contains Tyn- 
dall’s paper on “ The Transmission of Sound 
by the Atmosphere,” and an account of 
“Gigantic Cuttle-Fishes,” by W. Saville 
Kent. In this paper the author recites the 
records of early observations of these mon- 
sters, the stories about which were consid- 
ered doubtful until the recent discoveries 
off the coast of Newfoundland. The bulk 
of the article is a history of these later dis- 
coveries. 

Number 14 is on “The Glacial Epoch 
of our Globe,” by Alexander Brown. This 
is an interesting popular statement of how 
the theory of a glacial epoch arose, and of 
the investigations and theories relating to 
the constitution and movements of glaciers 
of celebrated observers. The number is 
illustrated. 

Number 15 gives Balfour Stewart's ad- 
dress on “ The Sun and the Earth;” a pa- 
per on “Force electrically exhibited,” by 
J. W. Phelps ; and two short articles enti- 
tled respectively “ Weighing the Earth in 
a Coal-Pit,” and The “Influence of Violet 
Light on the Growth of Animals and Plants.” 


PsEUPOMORPHS OF CHLORITE, AFTER GARNET. 

By R. Pompgtty. Pp. 4. 

Or interest to mineralogists exclusively. 
The paper is republished from the Ameri- 
ican Journal of Science, It is accompanied 
with two colored lithographs. 
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Causes OF IRREGULARITIES IN THE DEVEL- 
OPMENT OF THE TEETH. By N. W. Kines- 
Ley, D.D.S. Pp. 42. 

Tus pamphlet contains a paper on the 
above subject, read before the Odontologi- 
cal Society of New York. Irregularity of. 
teeth is shown to arise from three causes : 
1. During the life of the individual, from 
cerebral disturbance while the teeth were 
forming; 2. Or before the individual life 
commenced, from like causes transmitted ; 
or, 3. From mixing inharmonious types, 
large teeth with small jaws. 


On tHe Corron-WorM OF THE SOUTHERN 

States. By Ave. R. Grote. Pp.6. | 

Ix this paper, reprinted from the pro- 
ceedings of the Hartford meeting of the 
American Association for the Advance- 
ment of Science, Prof. Grote summarizes 
the results of five seasons’ observation of 
the cotton-worm in the States of Georgia 
and Alabama. Where the moth first came 
from, its powers of flight, breeding habits, 
and the measures tu be taken aguinst its 
ravages, are among the interesting ques- 
tions discussed. 


Tue American Engineer, published 
monthly at Baltimore, begins its third vol- 
ume in enlarged form. Though primarily 
this journal addresses inventors and me- 
chanics, it will be perused with interest by 
the general reader, who will find in its pages 
much useful scientific and industrial infor- 
mation. $1.00 per annum. 


PUBLICATIONS RECEIVED 


Condition of Affairs in Alaska. By H. W. 
Elliott. Washington: Government Print- 
ing-Office. Pp. 277. 


Our Wasted Resources. By W. Har- 
greaves, M.D. New York: National Tem- 
perance Society. Pp. 201. Price, $1.25. 

Dissertations and Discussions. Vol. V. 
By J. Stuart Mill. New York: Holt & Co. 
Pp. 294. Price, $2.50. 

Soluble Glass. By Dr. L. Feuchtwan- 
ger. Pp. 168. 


Report of the Commissioners of Educa- 
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Graphical Statics. By A. J. Du Bois, 
C. E. New York: Van Nostrand. Pp. 79. 


Camp-Life in Florida. .By Charles Hal- 
lock. New York: Forest and Stream Co 
Pp. 348, 


Travel in Southwestern Africa. By C. 
J. Anderson. New York: Putnams. Pp. 
329. Price, $2.00. 


Strength. of Beams. By W. Allan. 
New York: Van Nostrand. Pp. 114. 
Price, 50 cents. 


Report of Prison Association of New 
York. 1874. Pp. 192. 


State Medicine and Insanity. By Dr. 
N. Allen. Pp. 31. 


Sewerage. By W. H. Corfield. New 
York: Van Nostrand. Pp..128. Price, 
50 cents. 


Manufacture of Pottery among Savages. 
By C. F. Hartt. Rio de Janeiro: South 
American Mail print. Pp. 70. 


Prospecter’s Manual. By W. J. Scho- 
field. Boston: Schofield & Co. Pp. 96. 
Price, 50 cents. ; 


American Journal of Microscopy. New 
York: Handicraft Publishing Company.’ 
Pp..12. Price, 50 cents per annum. 

Check-list of Noctuide. By A. R. Grote, 
Buffalo: Reinecke & Zesch, printers. Pp. 
28, 

Difference of Thermal Energy transmit- 
ted from Different Parts of Solar Surface. 
By J. Ericsson. Pp. 10. 


Report of Directors of the New York 
Meteorological Observatory, 1873. Pp. 34. 
Currency. By G. B. Satterlee, Pp. 17. 


Report of Directors of the California 
Institution for Deaf and Dumb and the 
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MISCELLANY. 


The Frailty of Modern Art.—The old 
masters made their own colors. The mate- 
rial which entered into their pigments came 
to them unadulterated, and the excellence 
of the paint depended on the brain mixed 
in it. Hence, their paintings to-day, though 
lacking somewhat freshness of color, have 
a mellowness which age can only give to 
pigments of the highest excellence. Mod- 
ern pictures will not ripen, their colors 
fade, and the mellowness of the old mas- 
ters is unattainable. Holman Hunt, of 
England, has called the attention of lovers 
of the fine arts to this deplorable fact. And 
the reasons are given. The artist’s colors 
are no longer made by himself. Their 
manufacture is a business from whose se- 
erets he is shut out. Artist’s colors are 
subject to fearful adulteration. Even the 
oils cannot be genuine, as things go. The 
materials of which they are made go to the 
maker in a sophisticated state. Linseed and 
poppy-seed are adulterated before they 
reach the oil-maker’s hands. So too, is it 
generally with the crude material for the 
pigments, A high-priced vermilion from 
an eminent dealer, upon analysis, yielded 
twelve per cent. of red lead. So the artist, 
who puts his whole life and soul into a 
painting that should be “‘a joy forever,” has 
this immortality of art quenched by the 
use of dishonest paint. 


Oscillations of Lakes.—The “ seiches” of 
the lake of Geneva have for several years, 
as we learn from Nature, been under inves- 
tigation by Forel, of Lausanne. The term 
“seiche” is applied locally to certain oscil- 
latory movements occasionally seen on the 
surface of the lake. The phenomenon had 
been investigated by previous observers, 
among them Saussure and Vaucher, who 
attributed it to variations in atmospheric 
pressure; in this, Forel agrees with them, 
The same phenomenon occurs in other 
Swiss lakes, and Forel believes it will be 
found in all large bodies of water, He 
recognizes in the “seiche” probably the 
most considerable and the grandest oscil- 
latory movement which ean be studied on 
the surface of the globe. His investiga- 
tions have led him to the conclusion that 
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the “seiche” on the Swiss: lakes is an os- 
cillatory undulation, having a true rhythm, 
and that the phenomenon is hot occasional, 
but constant, though varyiug in degree. 
The duration of a “seiche” is a function 
of the length and depth of the section of 
the lake, along which it oscillates; this 
duration increases directly with the length, 
and inversely with the depth of the lake. 
The instrument he has devised for the in- 
vestigation of the phenomenon he calls a 
plémyramétre (“ tide-measurer ”’). 


Contents of a Kitehen-Midden.—Prof. 
Cope lately exhibited to the Academy of 
Natural Sciences of Philadelphia a collec- 
tion of animal remains, fragments of pot- 
tery, flint arrow-heads, etc., taken from an In- 
dian kitchen-midden in Charles County, Md. 
The animal remains included the bones of 
seventeen species of vertebrata and two- of 
shells, Of the vertebrates four were mam- 
mals, two birds, four reptiles, and seven 
fishes. The mammals were the Virginia 
deer, raccoon, gray squirrel, and opossum. 
Most of the deer-bones had been split into 
pieces lengthwise for the purpose of extract- 
ing the marrow. The birds were repre- 
sented by a number of parts of the turkey, 
and the tarsometa-tarsus of some natatorial 
bird of the size of a widgeon. The reptiles 
were all turtles, and included the snapper, 
the box-tortoise, and two emydes. The 
fishes represented were the sturgeon and 
the gar, there were also numerous bones of 
Siluroid fishes of at least two species, The 
mollusks were Unio purpureus and Mesodon 
albolabris. 


Babits of Blind Crawfish from Mammoth 
Cave.—In November, 1874, Prof. F. W. Put- 
nam collected a number of blind crawfish 
(Cambarus pellucidus) in the Mammoth 
Cave, which he kept alive for several months 
afterward in Massachusetts. The habits of 
these animals and the reproduction in them 
of lost parts are the subject of a communi- 
cation by Prof. Putnam, published in the 
“ Proceedings of the Boston Society of Nat- 
ural History.” The animals eat but very 
little in captivity. When food is dropped 
into the jar in which they are kept, they 
dart backward, then extend the antenne, 
and stand as if on the alert. The animal 
continues in this attitude for several min- 
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utes, and then cautiously crawls about the 
jar with antenne extended. On approach- 
ing the piece of meat, and before touching 
it, the animal gives a powerful backward 
jump and remains quiet for a while. It 
often repeats this three or four times before 
touching the food, and when it does touch 
it the result is another backward jump. 
When it has become satisfied that there is 
no danger, it takes the morsel in its claws 
and conveys it toits mouth. “I have twice,” 
says the author, “seen the meat dropped as 
it was passed along the hase of the antenne, 
as if the sense of smell, or more delicate or- 
gans of touch seated at that point, were 
again the cause of alarming the animal. 
When the jaws once begin to work, the 
piece of meat, or bread, if very small, is 
devoured, but if too large, only a few bites 
are taken, and the food is dropped and not 
touched again.” 

A detailed account is given of one of the 
specimens, in order to show the mode of 
reproduction of lost members. This speci- 
men, a female, was captured November 13th, 
being then perfect in all respects, except 
the right, large claw, which was as yet ru- 
dimentary. Total length of the animal from 
tip of large claw to end of tail, not quite 
two and a half inches. From November 
14th to 24th, the crawfish lost in battle most 
of her antenna, the third, fourth, and fifth 
legs from the left side, the fifth from the 
right side, and the two end-joints of the 
third leg on the right side ; January 28th or 
29th she cast her shell and came forth with 
a soft white covering, which was nearly two 
weeks in hardening. All the legs which were 
perfect before were now of the same size, but 
in addition the great claw of the right side 
was developed to about one-half or two- 
thirds the size of its fellow, and was appa- 
rently of as much use. The two missing 
joints of the third leg on the right side were 
also developed, though not quite to their full 
proportions. The fifth leg on the right side, 
and the third, fourth, and fifth of the left 
side, were reproduced, but in a very small 
and rudimentary manner. The antenne 
were about two-thirds their full size. On 
April 20th the shell was again cast; the 
crawfish had now all the legs and claws 
nearly perfect. The great claw of the right 
side was very nearly as large as that of the 
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left. The tip of the third leg of the same 
side was perfect, and all the ‘legs that be- 
fore were rudimentary were now developed 
apparently to their full proportionate size, 
with the exception of the last on the right 
side. Antenne about full length. 

From these observations, it will be seen 
that the parts are not reproduced in per- 
fection on one shedding of the shell, but 
that each time the shell is cast they are 
more nearly perfect than before. 


Sound and Fog Signals.—-Among the pa- 
pers read at the Philadelphia meeting of the 
American Academy of Sciences, was one by 
Prof. Henry on “Sound and Fog Signals,” 
of which we present an abstract. The au- 
thor stated the results of experiments made 
last summer, under the direction of the 
Lighthouse Board, at Block Island, and at 
Little Jail Island, at the east end of Long 
Island Sound. One set of experiments was 
made to investigate the cause of an echo 
apparently heard from the ocean; the re- 
sults were not such as to solve the problem, 
though they favored the hypothesis that the 
echo was due rather to a reflection from the 
waves than from the air. Another set of ex- 
periments was directed to investigating the 
effect of elevation on the hearing of sound; 
the result was to show that a sound travel- 
ing against the wind is heard farther away 
on an elevation than at the sea-level. In 
five cases, sound was heard five times far- 
ther with the wind than against it, the wind’s 
velocity being about five miles per hour. 
The effects of sound traveling with the wind, 
against it, at right angles to it, ete, were 
shown in diagrams representing curves of 
audition. In still air these curves are near- 
ly circular ; with wind uniform in velocity 
throughout the whole space the curves are 
approximately elliptical. The curves dif- 
fered according to the different conditions. 
It appeared to be demonstrated that sound 
is heard farthest with a moderate wind, and 
that with a strong wind it is heard a less 
distance in every direction than in still air, 
and perhaps to a less distance than with a 
wind of moderate velocity. These experi- 
ments will be resumed next summer, 


Origin of the Numerals.— Having never 
met with any explanation of the origin of 
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the numerals, or rather of the figures sym- 
bolizing them, perhaps I am right in sup- 
posing that nothing satisfactory is known 
of it. In that case the following may be 
interesting to your readers: The first col- 
umn contains the original figures, each con- 
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taining as many lines as the number which 
it is intended to represent. The other col- 
umns show the transitions likely to result 
from quick writing —W. Donisrnorre in 
Nature. 


Location of Sensory Centres in the 


Brain.—At the recent meeting of the Brit-, 


ish Medical Association, Dr. Brunton read 
a paper communicated by Dr. Ferrier, en- 
titled “Abstract of Experiments on the 
Brains of Monkeys, with special reference 
to the Localization of Sensory Centres in 
the Convolutions.” The experiments, which 
were conducted by trephining and the de- 
struction of the sensory centres by means 
of a red-hot wire, led to the following re- 


sults, as stated by the Lancet: These cen- 


tres are bilateral, so that when, for instance, 
one of the centres of touch was destroyed, 
there was loss of tactile sensibility in the cor- 
responding half of the body. Stimulation of 
the centre of hearing caused the animal to 
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prick up its ears as if it heard something, 
while destruction of the whole of this cen- 
tre rendered the creature totally deaf. De- 
struction of the centre of vision correspond- 
ing to one eye only, rendered the anima} 
temporarily blind in that eye, the function, 
after twenty-four hours, being carried on 
| by the opposite centre, In the discussion 
which followed, Dr. Nairne pointed out that 
other observers had arrived at conclusions 
different from those of Ferrier, and that the 
brain of a monkey could not be taken as 
exactly similar to that of a man; but Dr. 
Brunton thought the mistake made by Ger- 
man and other investigators who differed 
from Ferrier was, that they took the brains 
of animals lower even than the monkey to 
correspond with that of man. Dr, Dupuy 
said that he had found, when the centres 
of motion on one side of the brain were 
removed, that paralysis followed for a short 
time throughout the corresponding part of 
the body, but that, when the centres were 
removed from both sides of the brain, there 
was no paralysis at all. 


Health of Children in Utah.—In a report 
made by Surgeon E. P. Vollum to the Sur- 
geon-General on “Some Diseases of Utah,” 
it is stated that the adult population of that 
Territory is as robust as any within the lim- 
its of the United States. The children fur- 
nish two-thirds of all the deaths, most of 
which occur under five years of age. In 
Salt Lake City, as appears from the register 
kept by the undertakers, the male deaths 
exceed the female in number about 50 per 
cent., but Surgeon Vollum could not get the 
relative proportion. The polygamous chil- 
dren are as healthy as the monogamous, and 
the proportion of deaths about the same, 
the difference being rather in favor of the 
former, who are generally, in the city espe- 
cially, situated more comfortably as to resi- 
dence, food, air, and clothing, their parents 
being in easier circumstances than those in 
monogamy. It is perhaps still too early to 
form an opinion as to the influence of po- 
lygamy on the health, or constitutional or 
mental character of the Anglo-Saxon race in 
Utah ; but Surgeon Vollum has been unable 
to detect any difference in favor either of 
monogamy or polygamy. So far as he can 
learn, polygamy in Utab furnishes no idiocy, 
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insanity, rickets, tubercles, struma, or de- 
basing constitutional condition of any kind. 


Vehicles of Infeetion.—A number of 
cases of the transmission of contagious dis- 
eases by means of clothing, articles of fur- 
niture, and other objects that had been in 
contact with persons stricken by such dis- 
eases, are brought together by a writer in 
Chambers’s Journal, in order to show the 
great importance of thoroughly disinfecting 
such vehicles of infection, before making 
use of them again. The author, Mr. Wil- 
liam Chambers, in the first place quotes 
Sir James Simpson’s remedy for hospital- 
infection, namely, building such establish- 
ments of cast-iron, and casting them anew 
when contaminated. A servant-girl in 
Morayshire died of scarlet fever. Her 
clothing was sent back to her parents, but 
en route the box lay over for a few days at 
a railway-station. On reaching its destina- 
tion, the contents of the box were dispersed 
among friends and neighbors. The chil- 
dren of the station-master, who had played 
around the box, and every recipient of the in- 
fected clothing, were stricken with the fever. 
Again, the clothing of a soldier who bad 
died of cholera was sent home to his friends. 
While the garments were “in the wash,” a 
man was employed on the roof of the cot- 
tage, repairing the thatch. He inhaled the 
poisonous fumes of the washing, and died 
of cholera. Scarlet fever of a malignant 
type appeared in a family at Carlisle, and 
two of the children died. In this case, the 
_ Carrier of the infection was a retriever-pup, 
which had been reared in a house where 
scarlatina was present. It is stated in a 
pamphlet by Dr. McCall Anderson, of Glas- 
gow, that a peculiar disease was introduced 
into a family in that town under the follow- 
ing circumstances : Some mice, caught in a 
trap, were seen to have on the head and 
front legs crusts of a sombre yellow tint, of 
circular form, and more or less ¢ evated 
above the level of the neighboring healthy 
parts. A depression was noticed in the 
centre of each crust, and the parts where 
these had fallen off were ulcerated, and the 
skin appeared to be destroyed throughout 
the whole thickness. These mice were 
given to a cat, which soon exbibited, above 
the eye, a crust similar to those on the 
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mice. Later still, two young children of 
the family who played with the cat were 
successively affected with the same disease, 
yellow crusts making their appearance on 
several parts of the body, on the shoulder, 
face, and thigh. Other instances are cited 
by Dr. Anderson, where mice, affected in 
the same way, had transmitted the disease 
to the human subject, both indirectly 
through cats, and directly through the mice 
themselves having been handled by chil- 
dren. 


Practical Eduecation.—A correspondent 
of the Moniteur Industriel Belge communi- 
cates to that journal a description of a 
school of practical instruction, situated in 
one of the suburbs of Paris. The writer 
exhibits to us a system of education in 
which the future occupations of the pupils 
are kept steadily in view, and where every 
step of progress in study marks an advance 
in real knowledge. A few instances will 
best show the method of instruction. Sup- 
pose a lesson in botany is to be given, and 
that the special subject is some textile 
plant. The pupil sees, in the botanic gar- 
den attached to the school, a few stalks of 
hemp growing. 
the plant are explained to him; he is told 
how it grows, and what are the conditions 
favorable te its growth; then he is shown 
how it is treated in order to obtain the 
fibre, how the latter is spun, woven, ete, 
In giving instruction on minerals, a like 
course is followed. For instance, the sub- 
ject is iron-ore: various kinds of ore are 
exhibited; the processes are explained, 
by means of models and designs, of the 
reduction of iron and its manufacture, So 
in mechanics: models of machinery are 
shown and explained ; better still, the pu- 
pil is taken to the workshops where he sees 
various kinds of machines in operation, 
His understanding of things is tested by 
questions, and by being required to draw 
the objects he has been looking at, and to 
explain their working. Topography and 
geography are taught in the same common- 
sense way, the pupil being led to map out 
an ever-widening area, He begins with the 
plan of the school, then gives its relative 
position in the commune, in the canton, in 
the arrondissement, and so on. The great 
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principle of instruction in this school is 
“to make knowledge concrete, practical.” 


Revivals and Religious Insanity.—In a 
paper by G. H. Savage, M.D., of the Bethlehem 
Hospital for the Insane, London, on “ Reli- 
gious Insanity and Religious Revivals,” the 
lists of cases admitted to the hospital dur- 
ing the four months April to August, in the 
three years 1875, 1874, and 1873, are com- 
pared. The result does not show any in- 
crease of insanity traceable to the recent 
religious excitement in England, Indeed, 
the author sees no reason for regarding reli- 
gious insanity as a peculiar, well-defined spe- 
cies of mental disease. According to him, 
it is simply an accident of education, tem- 
perament, or sex, whether certain subjective 
feelings develop themselves into a morbid 
religious idea, or into an illusion of being 
persecuted and annoyed by others. “ Many 
persons,” he adds, “verging on insanity— 
in fact, in the melancholy stage of the dis- 
ease—seek religious consolation, and, not- 
withstanding this, go mad; they would 
probably have gone mad in any case, and 
the most that can be said against the ser- 
vice is that it precipitated the attack.” But 
to return to the figures. In 1875, from 
April to August, there were admitted to 
Bethlehem 42 male patients, and of these 9 
suffered from religious insanity. During tbe 
same time 55 women were admitted, of 
whom 8 had religious delusions. That was 
21.4 per cent. of the men, and 14.5 per cent. 
of the women. During 1874, in the same 
period, 30 male admissions gave 6 religious 
cases, and 47 female cases gave 16—that is, 
16.6 and 34 per cent. respectively. In 1873, 
28 male admissions gave 4 religious cases, 
or 14.2 per cent.; 28 female admissions 
gave 8 religious cases, or 28.4 per cent, 





NOTES. 


We have received from Prof. W. S. 
Barnard the following correction of a state- 
ment in his article on “ Opossums and 
their Young,” published in the December 
Montaty: “In your December number I 
stated that the delivery of young opossums 
had never been witnessed. To the contrary 
see observations of Mr. J. G. Shute, in the 
‘Proceedings of the Essex Institute,’ vol. 
iii, page 288, to which my attention has 
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body until the sexual orifice is opposite the 
pouch, which opens by muscular contrac- 
tion to receive the young, without any as- 
sistance from the paws or lips.” 


Tue largest telescope ever yet attempted 
is now in course of construction in Dublin 
by Mr. Grubb. It is intended for the new 
Observatory of Vienna. The object-glass 
will have an aperture of over twenty-six 
inches, and the focal length is to be about 
thirty-two feet. 


Ix the American Journal of Science and 
Aris for November Prof. Marsh has a short 
illustrated paper describing the remains of 
several fossil birds obtained from the Creta- 
ceous of Kansas, and possessing teeth. 


We learn from the Scientific American 
that the excavations at Hell-Gate were com. 
pleted about the end of July. The work 
now in progress consists in the boring of 
holes for the charges of nitro-glycerine. 
This was to have been completed before the 
end of the year 1875, and then two or three 
months more would be oecupied in inserting 
the charges. 


A ccriovs race of sheep, living on an 
island in Englishman’s Bay, coast of Maine, 
are described in Forest and Stream. They 
are nearly as wild as deer. Their principal 
winter food is sea-weed, chiefly dulse ; they 
also eat the branches of nearly all the trees 
which grow on the island, 


In very early times the pine appears to 
have been the principal forest-tree of Den- 
mark, At present the beech occupies this 
position, and the pine is no longer indige- 
nous in the country, Next after the beech 
comes the birch, then the alder, the aspen, 
the hazel, etc. An examination of the vege- 
table débris of the bogs of Denmark shows 
that the pine was followed immediately by 
the sessile-fruited variety of the oak, and 
this in turn by the beech. 


In illustration of the influence of nutri- 
tion on the habits of plants, Mr. Meehan, 
of Philadelphia, cites the case of two species 
of Euphorbia, which, though usually pros- 
trate, he found assuming an erect growth 
when their nutrition was interfered with by 
a small fungoid parasite. A similar fact 
was observed in connection with the com- 
mon purslane, one of the most prostrate of 
all procumbent plants, which, under similar 
conditions, also became erect. 


Dr. Nicotas von Kowxory finds in the 
train of meteors the spectrum-lines of so- 
dium, magnesium, carbon, strontium, and 
possibly lithium,while the nucleus invariably 
gives a continuous spectrum, in which the 
yellow, the green, or the red predominates, 
according to the color, blue being very rare, 
and violet never seen. 
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Ar the trial of the 81-ton gun, at Wool- 
wich Arsenal, a 1,250-pound ball was fired 
with a charge of 170 pounds of powder. 
This shot penetrated 45 feet of sand, and 
the recoil of the gun was 23} feet. A sec- 
ond shot was fired with a charge of 190 
pounds. The penetration-distance was now 
over 50 feet, and the recoil 32 feet. It is 
intended gradually to increase the charge to 
800 pounds. 


A Srate Archeological Association has 
been formed in Ohio to promote investiga- 
tion of the mounds and earthworks of the 
State, to collect facts, descriptions, relics, 
and other evidences of the prehistoric races, 
and to awaken an interest in the general 
subject of archeology. The library and 
cabinet of the Association will be established 
in the State-House, at Columbus, provided 
the State furnish suitable accommodations 
free of cost. The meetings will be held an- 
nually inthe various cities of Ohio, and a 
yearly bulletin will be published. The first 
annual meeting will be held at Newark, 
Licking County, on Tuesday, September 5, 
1876. 


A quarter of a million of young salmon, 
according to a writer in Forest Stream, 
have been placed in the Truckee River, 
which flows into Lake Tahoe, Nevada, and 
they are doing well. 


A vern of nickel has been discovered in 
New Caledonia, extending across the entire 
island, from east to west. There are also 
in New Caledonia copper-mines of great 
richness. The gold-mines, of which much 
was expected a few years ago, have so far 
yielded irsignificant results. 


Tae death-rate of some English towns 
is very high. Thus, while the death-rate 
for England and Wales generally is 22.2 per 
1,000, in Bristol it is 26.9, in Leeds, 28.7, 
in Manchester, 32.1, and in Liverpool, 35.9. 
Of children under five years of age, 39 
per 1,000 die annually in country districts, 
while in towns the ratio is 103 per 1,000. 


A commission has been appointed by the 
British Government, to investigate the sub- 
ject of the spontaneous combustion of coal 
on shipboard, Persons having any facts on 
the subject of the spontaneous combustion 
of coal, under any circumstances, are re- 
quested to communicate the same to H. S. 
Poole, Charlottetown, Nova Scotia, Inspec- 
tor of Mines. 


Microscopic examination of the muscu- 
lar tissue of a wild-boar lately shot in the 
forests of Saxony showed it to be full of 
trichinez. This is the first case in which 
this parasite has been found in the wild- 
boar, it having been the general belief that 
only domesticated swine were affected. 
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By substituting atomized water or spray 
for steam in sulphuric-acid manufacture, 
Sprengel not only effects a saving of fuel, 
but also saves 6} per cent. of pyrites and 
15 per cent. of nitre. 


An adequate punishment for those hu- 
man brutes who vent their despicable pas- 
sions in murderous assaults on women and 
children is suggested by the authors of 
“The Unseen Universe.” “ It is probable,” 
they write, “that, before many years have 
passed, electricity will be called upon by 
an enlightened legislature to produce abso- 
lutely indescribable torture, thrilling through 
every fibre of such miscreants.” 


A process for brightening iron is de- 
scribed as foliows in a German periodical : 
The articles to be brightened are, when 
taken from the forge, placed in dilute sul- 
phuric acid (1 to 20), and then washed with 
water and dried with sawdust. They are 
then dipped for a second or so in nitrous 
acid, washed carefully, and rubbed clean. 
Iron thus treated acquires a bright surface, 
having a white glance. 


Tuey are trying to introduce humble- 
bees into New Zealand, for the purpose of 
aiding in the fertilization of the common 
clover. This office the common bee is un- 
able to discharge, its proboscis being too 
short to reach down to the pollen of the 
flower. 


A unrversiry, to be founded at Tomsk, 
Siberia, by the Russian Government, will at 
first consist of only two Faculties, law and 
medicine. Siberia at present is very ill 
supplied with doctors, there being only 55 
for a population of 6,000,000, inhabiting a 
territory as large as all Europe. 


Hormann’s process for preparing vanilla 
from the wood of the pine has heen pat- 
ented, and will be generally applied in pa- 
per-mills which use wood-pulp for the pur- 
poses of their manufacture. 


Ir is stated in the Lancet that female 
medical missionaries are now laboring very 
successfully in various parts of India. The 
Maharajah of Vezianagram has engaged an 
American lady to open a dispensary for 
women at Benares, and Sir Salar Jung has 
done the same thing in Hyderabad. 


Bara bricks are made from the deposits 
of the river Parrett, at Bridgewater, Som- 
ersetshire. 
posit found, so that Bridgewater supplies 
the world. The annual import into the 
United States is about 240,000 bricks, 


Tue State of Minnesota produced last 
year 28;000,000 bushels of wheat, 15,000,- 
000 of oats, and 12,000,600 of Indian-corn. 
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